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Location of items in SAS menu.

The location of items in SAS menu keeps changing. Here is current (version 2.30) location to help you find
what you need...:

[ELS Help

Data import & export >

Data Manipulation >

Plotting |

Plotting I

Support Tools for plots >
Unified Fit

Size Distribution
Modeling |

Modeling Il

Fractals model
Analytical models
Small-Angle Diffraction
Pair distance dist. fnct.
Reflectivity

Scattering contrast calculator
Configure default fonts and names

Support tools >
Other tools >
Help, About, Manuals, Remove Irena I
Submenus:
Data Import & Export:
Import ASCII data

Import XML data
Export data tool ‘

Support tools for plots:
| Draw Line Of Any Slope 1
Draw Line Of -4 Slope
Draw Line Of -3 Slope |
Draw Line Of -2 Slope |
Make log-log graph decade limits

Fit Line With Cursors
Fit Power Law with Cursors

Support tools: -
| Evaluate Size Distributions
Scripting tool
Modeling I, user models
Other tools:

Show Results notebook
Desmearing

Create QRS folder structure
Show SAS logbook

Export To XLS File Panel
Configure Common ltems

About, Manuals, Remove Irena, help

About

Open Irena pdf manual

Open Form and Structure Factor description
Kill all Irena panels and graphs

Remove Irena Package

Submit e-mail with bug or feature request
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Introduction

The “Irena” package is a suite of Igor Pro (Wavemetrics, version 6) macros for the evaluation of small-angle
scattering data. It has been designed to use seamlessly data from APS USAXS instrument (beamline 321D,
Advanced Photon Source, Argonne, IL; evaluated using “Indra” package). Further it has been designed to work
very nicely with data using “qrs” naming convention, but it can be used for any SAS data. Its use for other data
is made easy by a customized import tool, which should be able to handle most “column-type” ASCII data from
various SAS instruments.

The package contains following parts:

1. Size distribution — using Maximum Entropy, Total Non-negative least square (TNNLS) &
Regularization methods for evaluation of small-angle scattering from scatterers represented by
number of different form factors.

2. Modeling (I) of scattering from up to 5 populations of various-shape scatterers, with least-square
fitting optimization of model parameters

3. Modeling (IT) of SAS from up to 6 populations of data to multiple data sets... Complicated, VERY
powerful tool. Number of form factors and structure factors.

4. Unified model for fitting SAS data using up to 5 levels of combinations of Guinier and power law
dependencies
5. Pair distance distribution function (PDDF, p(r))

.°\

Fractal model — combination of 2 mass and 2 surface fractals.
7. Analytical models — tool with option for:

* Debye-Bueche model for scattering from gels

* Treubner_Strey model for small-angle diffraction

8. X-ray & neutron reflectivity calculations using Parrat’s recursive method

9. Scattering contrast calculator including anomalous effects

10.  Data import tools. Allows importing multiple ASCII or XML files, where SAS data are written in
columns, separated by white space, tab or other separators. Allows creating user friendly logical
folder structure within Igor experiment.

11.  Desmearing for finite-slit length smeared data

12.  Data manipulation tool. Allows merging, smoothing, adding together and subtracting of SAS data
sets. These data sets do not have to necessarily use the same naming convention.

13. Two plotting tools. This tool allows to generate various SAS plots (Porod, Guinier, Kratky,
Zimm...) and do some basic fitting. Further the tool allows to save plot styles with various
formatting parameters and then fast reapply these on other data sets, generating exactly same plots
useable for publications.

14.  Data “mining” tool — allows searching for results (variables/strings/waves ...) in the folders of Igor
experiment with flexible output options.

15.  Data export tool — exports into ASCII various types of data.

16. Scripting tool. Tool to run (Size distribution and Unified fit for now) tools on multiple data sets at
once.

17. Tool to create folder structure for unstructured QRS data. And few other tools...

Methods use as similar as reasonably possible. This should simplify learning curve for the users...

Name “Irena” of this package, for those really interested, is the name of my wife. All my packages have female
names, for example “Nika” is the name of my daughter (Veronika), etc. As choice of names is more or less
arbitrary, I felt that selecting the name of my wife for this large and important package will be one way to give

her credit for all the time I spent working on this package and not with my family.
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Instructions on installation

To install the macros, please install first Igor Pro, version 5 or 6 and update to latest release.

There re two ways to install the macros:

I. Old way (user with administrative privileges)

Copy the macro files from the distribution zip file using the folder structure inside the zip file as guidance on
where the files belong. Note, that most files belong into the subfolder “Irena” inside the folder
“...Wavemetrics:Igor Pro:User procedures” and at least one file belongs into the folder “...Wavemetrics:Igor
Pro:Igor procedures”. The files located in “Igor Pro” folder are useful only on PCs and only in some versions of
Windows...

II. New way (user with limited privileges)

Place the files in the zip file in any appropriate place where you, the user, has write privileges. Note, that the
files are organized in folders. Then create shortcuts (links) in the ... Wavemetrics:Igor Pro Folder:User
procedures” to the “Irena” and other folders in the “User procedures” from the zip file (where ever you placed
them) and create a shortcut (link) in the ... Wavemetrics:Igor Pro Folder:Igor Procedures™ to the “Igor
Procedures” from the zip file. YOU WILL NEED ADMINISTRATIVE privileges for creating these
shortcuts/links...

Whichever method you choose, the macros should work the same. Note, that when files are created by the
macros (compounds, graphs, temp files...) they are stored with the macros themselves and therefore, if user is
NOT running as administrator and has not writing privileges where macros are stored, nasty OS errors will
apprear!!!

To load macros, select “Load Irena SAS macros” from “Macros” menu after starting Igor Pro.
Please, learn more about full capabilities of the Igor Pro. It is very powerful graphing and data evaluation
package. It may be necessary for you to handle data import and handling, data export and some graphing.

Further, the macros heavily rely on the data folder structure, so it is important to learn enough to realize the use
of this feature...

Please read these comments:

Few suggestions first:

1. Learn enough Igor, that Igor problems do not prevent you from getting results. Igor tour and 1-2
hours playing with it should be sufficient
2. Read this manual full and test what is shown on your own computer

3. Use folder structure, or things will become way too messy for

these tools to be useful
4. Read supporting literature (especially papers about Unified fit) if you want to use these methods

Comment on ending the macros:
At any time user can end working with the macros by closing associated graphs and panels. There is also
command which closes all open windows and panels of this package.

Getting help

There is no real help file written yet for this code. However, most of the panel items do have help associated
with them and if you move cursor the help text should be visible in the bar at the bottom of the screen (on
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Windows) or in the balloon help (on Mac, if you switch the balloon help on). Please, use it; I tried to be
descriptive there.

Important Information

The code uses for all size related parameters Angstroems (10" m) or for Q vector (A™). In the case of scattering
contrast, number distribution and any other volume contents centimeters (107 m).

Output of the size is usually in particle diameters, but read the graphs, the output may not be always the same.
Output graph legend or panel text should be always correct.

Kill all Irena panels and graphs

This menu item allows to close all Irena related windows — panels and graphs — to be closed at once. Very
convenient...

Open Irena pdf manual

In most cases this should open Irena manual in default pdf reader. If you are reading this, you probably
managed.

Open Form factor description

This should open pdf file with form factors description — including simplified code and graphs. These are form
factors in the “central bank” of the Irena, available for use in packages, which use them.
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0. GUI controls and common controls

The control panels now share some common controls. Here is summary of common features for these controls:

0.1 Configure default fonts and names

“Configure default fonts and names” in the SAS menu will create panel with some controls common for all
tools, like font type & size and how legend names are handled. NOTE: Panel controls are applied immediately
to all existing panels, graph controls are applied ONLY to the newly created graphs (aqnd only those wehich
were upgraded to this behavior).

Panels font and font sizes

These controls enable user to customize font used on control panels therefore this enables customization
for a given platform. This is necessary as more and more control is provided on each platform to user and
therefore default fonts and font sizes may not be appropriate any more for the panels I design. These settings are
actually saved on a given machine as well as the experiment. This has some interesting features, so please, read
carefully:

When these controls are run (and user is forced to run them if the Irena is loaded and preferences are not
found), they save preferences in special folder Igor maintains for users. At the same time, the settings are
applied to the current experiment.

When this experiment is opened on another computer, the preferences from that computer are not
reloaded, so the experiment will use preferences from the original computer. When the “Configure GUI and
Graph defaults” is run, it will reload the computer defaults and apply them to the given experiment. Then user
can change the fonts and font sizes as they wish. The new settings are saved on the computer — and within the
experiment.

Note, that Panel font and font size are platform specific, so same experiment may present differently looking
panels on Mac and PC.

Note, not all controls actually follow these settings, I have been changing some buttons to specific font and font
size and those are not affected by these settings.

If there are any issues with the behavior, please, let me know and I'll see if I can make it more logical.

.00 Irena Main Config Panel ;.00 Irena Main Config Panel
Irena package default fonts and names configuration Irena package default fonts and names configuration
Panel and controls font type & size (preference) Panel and controls font type & size (preference)
Panel Cantro's Font | Geneva |+ G reyre— Panel Controls Font/Monaco #) ( Default )
Panel Cantrols Font Size [9 ':] Panel Controls Font Size[12 '#]
Graph text elements Graph text elements
Legend Size (16 | % [ Legend use Folder Names? Legend Size[16 '+) [[] Legend use Folder Names?
izal17 b isalizl :]
Tag size [12 14 [ Legend use Wave Names? (g Sz [ Legend use Wave Names?
Label 5ize (16 [+ Label Sizel16 %]
Font type| Arial 1+) Font typeArial [+
( oK ) ( OK )
s £

Note the difference in Configure GUI and Graph defaults panels when different fonts are used. Left is using
Geneva font size 9, right is using Monaco size 12, both on Mac platform. You can mess up the panels really
well by wrong choices!

Defaults button returns the panel font choices to platform specific default state (Mac: Geneva size 9 and PC
Tahoma size 12). Note, that there is no guarantee that these were your choices before. But these should be
reasonable choices for most setups.
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Graph controls

I am slowly adding in various parts of the whole package calls to these commonly stored values. This allows
user to configure fonts for various screen sizes. This seems necessary to allow use of Mac/Win platforms with
vastly different screen sizes and resolutions.

Not all packages follow these controls yet, if you see issues in package of your choice, let me know and I will
try to address them ASAP. Time is limited resource.

0.2 Data input

Data input part of the panels is served by common package (mostly) and has more or less similar behavior —
with modifications appropriate for each package. The purpose of these controls is to provide as much help to
user to select appropriate data as possible. This is not easy task... Sometimes even it is not clear what the right
help is.
There are few checkboxes for data types, up to 4 popups with Data Folder, Wave with X, Y and error data. If
Model input is appropriate, Qmin, Qmax, number of points and log/lin binning inputs are displayed.

How the control works:

Type of data:

Indra 2 data data from Indra package (DSM _Int, etc.). Assumes data are in root:USAXS folder (or
any subfolder) only.

QRS data data with q_name, r name (intensity) and optionally s name (error).

Model No data, tool will create q data using user input and intensity/error data will be set to 0.
Then passed intot he tool so one can model with no measured data present. Available ONLY when appropriate
Irena results should know results from Irena package (all different types). When appropriate will be
available. Note, that in any folder may be number of different results available.

User type currently not used, but allows definition of any other naming structure to be used in the

future. Note this can be named differently at any time and can provide access to any doublet or triplet of wave
types, if it can be defined.

No type of data selected In this case the tool will present choice of all folder in the experiment and for data
waves all of the wave in the particular folder. This method will work always, but may be quite challenging to
use.

Basic control logic

When particular type of data is selected, the tool should go and find all of the folders containing at least one of

the type of data.

Indra 2 data at least one of M_DSM_Int (M_DSM_Qvec, M_DSM _Error), DSM_Int, M SMR Int,
SMR _Int triplets.

QRS data triplet of waves starting with q, r, s with the rest of name the same. Note, this is
the most cpu challenging data type, so it will take the longest.

Irena results any of the results from Irena package. If any is missing, let me know, please...
Model no input data, input data will be created.

User not used at this time. Can be used in the future for any data types which can be
defined.

Nothing all folder

These folders are presented in the “Data folder” for user selection. When user selects the folder, rest of Wave
popups will be populated by first valid set, which is in the order prescribed by internal logic.
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If other data set is needed, select different data in the “Wave with X axis dala” popup. This will attempt to fill
the next ones with appropriate data. This may not be unique, so the first match will be filled in.

Then if still necessary, fill in the other two popups.

Note, that it is possible, that depending on tool you can select only two data waves (X and Y), some tools may
require also error wave.

0.3 Use of XOP

Igor Pro enables use of external C-code to speed up some high cpu intensive operations. Currently various
optional xop program are available:

1. Two by Andrew Nelson http://motofit.sourceforge.net/wiki/index.php/Main_Page — one for calculation
of reflectivity (abeles.xop) and one for genetic optimization (GenOpt.xop). Both are optional and need
to be placed in “Igor extensions” folder. Both speed up the calculations by factor of two (about)
compared to Igor code.

2. XML loader (also by Andrew Nelson) necessary to load XML (CanSAS) file formats. You can
download this general use XML xop from : http://www.igorexchange.com/project/XMLutils

3. In the future, Form factor will be provided by xop library maintained by NIST reactor. Once that is
available, the link to download place will be provided here.

0.4 Genetic optimization

Genetic optimization method is form of fitting from SAS data. It has been developed for optimization of
reflectivity data but is very useful for cases where least square fitting may not find global minimum. It has been
programmed for Igor by Andrew Nelson, who is also author of internal code for reflectivity tool.

Note that this code uses some version of Monte Carlo method. Therefore limits are _very important. When
Genetic optimization method is used (note: IT TAKES LONG to run) user will be presented with dialog to
check the limits. For this method is really important that the calculations do not fail for any combination of
parameters and that the range of probed parameters is sensible.
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1. Loading data — ASCII & XML (CanSAS)

Users of Indra 2 produced data can skip this chapter.

I have included ASCII set of data from our USAXS experiment as example on which user can play and test
capabilities.

Comments:

When loading data for use with Irena macros, the user needs to decide ahead on naming system, which will be
used. Indra 2 (USAXS) data use somehow specific naming structure: folder names for sample names and within
the folders the waves with names such as: DSM _Int for intensity wave, DSM_Qvec for Q vector wave and
DSM_Error for error wave. This may not be the first choice of most users from other instruments. Therefore the
Irena handles well also “qrs” naming convention, where the wave with q vector starts with
q_andTheDataName, intensity wave is named r_andTheDataName, and error wave s_andTheDataName. This

allows placing multiple data sets in one Igor folder, Which I strongly discourage. Note, that when
Irena macros save results within Igor experiment, they ASSUME, that they can write simply solution into folder
where the SAS data came from. Irena macros WILL NOT overwrite old results, but it may be impossible to
figure out, which data the particular result belongs to.... To make best use of these macros, please use folder
structure with folder names being the sample name.

YOU WERE WARNED!!!!

1.1 Description

In “Data import & export” from “SAS” menu select either “Import ASCII data” or “Import XML data”.
Following screens appears:
1. ASCII

File Edit Data Analysis Macros Windows Panel Misc Help SAS2D SAS

— e Explanation of control available here:
laport Diats In lyat “Select data path™ blrowse to the folder on the computer drive
where the data to be imported reside.
“Data path” this shows the path selected above. Cannot be
B edited in this window, use button Select data path.
L ;':;:::j::':' “List of available files” lists all files in the current folder
| e on the computer, unless masked by‘Data extension. an or
more files here can be selected for import. Use shift - click to
L select multiple files (on Windows) or whatever — click on
Column 2 Macs.
S “Data extension” if extension is put in this filed (e.g.,
e “dat”) only files with the “dat” extension will be shown in the
Found columns - [T 18] List of available files.
el “Skip li@es 7 if there are kpown number of lines, which need
| [ Creste SORT Evars? to be skipped. Note, Igor will automatically read file structure

[ swem J [ oweem JECEEE and skip usually any text header which needs ot be skipped.

Il o= et iy el Therefore this “skip lines” should not be usually necessary.

LI it aavsnans “Test” Test import of first selected file. Not really
5:'e°‘ddj‘af’T;df'lm | necessary, but very useful. Sets checkboxes for Column 1 to
S i 6, how many columns were found in the file, etc.

Intensity names | | (e l “Preview” Opens the first selected file in Igor
A iled J notebook for preview. Kill notebook after use, it is not needed

for anything else...
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“column 1 — 6" and Qvec Int err” This is checkbox area, in which user needs to select which column of data
contains which SAS data. Assumption is, that SAS data are in the first 6 columns in the ASCII file. These
checkboxes appear when “Found columns” number gets set. User can set it or it gets set during “test”.

”Select all” or “Deselect all” modifies which files are selected in “List of available files .

“Ovec units” select proper checkbox. Units will be converted to A if nm™ data are imported. Irena uses A™.
“Create errors” if the data imported do not contain error bars, this will generate sqrt(Intensity) error bars.
These can be further modified (multiplied) in Data manipulation tool.

“Scale imported data?” if the data need to be scaled by some calibration factor... New input variable
appears, if necessary.

“Use file name as folder name” Strongly suggested to use. Will cause the import tool to create for each
imported data set new folder with name by the file name.
“Use Indra 2 wave names” and ”Use qrs wave names”’ selects which naming structure is used during

import of data. One of these selections is more or less necessary for multiple file import. Single file import can
be done by manually filling the following controls.

“Select data folder” and “New data folder” Using pull-down menu in Select data folder user can select
existing data folder where to put the imported data. Using New data folder user can create folder in Igor for the
data. Note, that “<filename>" will be replaced with the file name of the imported data file during import. This
allows for creating data structure which uses folders during multiple file import.

“Intensity wv name”, “Q wave name”’, and “Error wave name” — these can be filled with the names for data
waves. Note, that “<filename>" will be replaced with the file name of the imported data file during import.

“Import” imports the selected data.

e\ 0N Import XML data

Import XML Data in | .
e e meer Some of the controls (checkboxes) do change some of the setting

(__Sclectdmapun ) in other controls. Generally the proper order, how to select and
Data path : modify control is from top to bottom.

Data extension: | XML

List of available files

2. XML data file:

NOTE: XML data tool requires xop for XML data file interface.
See chapter 0.4 above for the link to this file.

Similar controls, except CanSAS XML file does not need some of
the controls. Therefore, the GUI can be easier. On the other hand
there may be more data columns (meaningful) in this data file and
while Irena does not use any of these, they can be loaded to be

(seecat ) (__Deschosar ) (P useful for user code or other tools, which may be able to use them
% i: rlnl:r:rgz:tsai:::n’:rsn:? ] Use QIS data names? (llke NIST macros).
E Use QRS data names?

Select data folder '\E

New data folder:

Q wave names. E Convert Q to 1/A7

Intensity names D Convert Q to 1/nm?

Errar wv names

Q Error wv names

Q fawhin wy names [ Overwrite existing data?

Qmean wv names
Shadow wy names

P
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1.2 Importing test file:

Using Select data path button select folder on the computer, where Irena data are installed, for example:
Select path to data to be imported i ﬂ l(j

Path to folder: IC: “Program Files\waveMetricshlgor Pro Folder\User Procedurestlrena 1

Cancel | 0K ]

and in Data extension input “dat”. The following should be the panel:
Igor Pro 5.03
File Edit Data Analysis Macros Windows Panel Misc Help SAS2D SAS

W Import data i (=] 93]

Import Data in lgor

Select data pith

Data path : [C:Program Files:waveMetrics:|gor Pro Folder.User Procedures:indra 2: |

Data extension:
[ Skip lines?

List of availahle files

Tet | [ Powview |
Qvec Int  Emr
Column 1
Column 2
Column 3
Column 4
Column 5
Column &
Found columns : [0__[©)
[ Qvec units [A-1]
[ Qvec units [nm™-1]
A [ Create SORT Erors?

| | [ Create n% Errors?

[ Use File Nms As Fldr Nms? [ Scale Imported data?
[ Use Indra 2 wave names?
[ Use ORS wave names?

Select data folder | -«

New data folder: | ]

O wave names | ]

Intensity names [ J Buport l
Error wy names [ ]

Select the “Test data.dat” file and push Test and Preview buttons.

Edit Data Analysis Macros Windows Notebook Misc Help SAS2D SAS

W Import data i B (= P3} | S Filepreview:Test data.dat (=[]
| 1t Datain | SECONDS=3076329215 =
mport Data in igor DATE=Mon, Jun 25, 2001 8
COMMENT=AI203 1 & 0.05um
SpecCommand=uascan ar 11.4274 11.4209 1.4211 0.0002 37 3600125121505

SpecComment=AI203 1 & 0.05um
Data path : [C:Program Files:WaveMetrics:gor Pro Folder:User Procedures:lrena 1: SpecScan=spect
5 USAXSDataF older=root: USAXS: alumina:'56_AI203 1 & 0.05um’
Data extension: RawF older=raot: raw: alumina: spect:
[ Skip lines? UserSampleName="86_AI203 1 & 0.05um’
A Whname=DSM_nt
Wavelength=12418

SlitLength=0.03865

List of available files

Qvec Int  Err NumberOfSteps=150
coumnt O O O SDDistance=360
cowmn2 O O O PeakFitFunction=Gauss
coumn3 O O O EEar_nCemer=1 1‘.415
Column 4 MaximumIntensity=5.6388e-10
Column 5 FWHNM=5.0105

BeamCenterError=2.0406e-06

Column 6

MaximumintensityError=2.9252e-12
Found columns : [3__]9)] FWHM_Enor=0.018591

2 SRR Thickness=1
M Gvec urits [41] BlankComment=Air Blank
[ Gvec units [nm”-1]

& [ Create SART Enors? S

[ Create n% Erors? BlankFolder=root: USAXS: alumina:'S4_Air Blank'

[_swazn ] [ vesamn | Kfactor=3.0412e-17
Transmission=0.62021
[ Use File Nms &s Fldr Nms? [ Scale Imported data? TransmissionError=0.0045185
E he 'Q“g'sa Sl KFactorEnor=1.8525¢-19
¢ Desmeared=Yes
Select data folder | - DSM_steps=30
DSM_QExtrapStart=0.042069
New data folder: I DSM_ExtrapFunction=Porod
0 wave names [ ]
Intensity names [ | o 0.000246464511843827 63267627 8563293 1610650
Eines oo s | ] I 0.000281751591716367 ~ 39447580.5624809 2275133

0.000306279839112345  29069918.637588 1987961
0.000343566618978601  19941442.0871334 1366083
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Igor found 3 columns of data so 3 rows of checkboxes appeared. The Preview has created notebook on right,
where user can preview the file and check, which columns contain which data. Note, that Igor skipped the block
of text in the beginning of the data file automatically.

Check cheboxes according to following screen and noticed, that Create errors checkbox becomes unavailable
when any checkbox in the Err column is selected. Notice, that when checboxes Use file nms as Fldr Nms and
Use ORS wave names are checked, the names for folder and data wave names are filled in with default.

File Edit Data Analysis Macros Windows Panel Misc Help SAS2D SAS

=0l x|

Bl Import data

import Data in igor

Data path : [C:Program Files:WaveMetrics:|gor Pro Folder:User Procedures:lrena 1:

Data extension:
[ Skip lines?

List of available files
Test data.dat ;]

[ met ][ Prwiew |

Column 2
Column 3
Column 4
Column &
Column B

Found columns :

Qvec units [4"1]
[ Qvec units [nm™-1]

Qv
Column 1
O
O

¥

[ seeasn | [ Desskasn |

[ Use File Nms As Fldr Nms? [ Scale Imported data?
[ Use Indra 2 wave names?
[4 Use ORS wave names?

Select data folderl vI

New data folder: [root:SAS:ImportedD ata:<fileName>: |

Q wave names |Q_<fileName> |

Intensity names [R_<fileName> | T I
Error wy names [S_<fileName> |

File Edit Data Analysis Macros Windows Misc Help SAS2D SAS

Il Data Browser

Current Data Folder:
L3 Iroot :Packages:ScatteringContrast:

Display root =
vV Waves I I

IV Vaiables | [ 3 root
V¥ Stings :
IV Info o & Packages
IV Plat &3 BAS
&3 ImportedData
New Folder...l & [ Test data
Save Copy. | - Q_Testdata
Browse Expl.“l R_Testdata
Help | ----- S_Testdata

Delete I

Preferences... I
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2. QRS data folder creation tool

2.1 Introduction

Many users may have QRS named data in unstructured way — that is all data placed in one folder, very often
“root” folder. This is not very convenient place for the data, since the Irena macros make heavy use of the folder
structure. To help the users, I made little simple tool, which should in most cases create successfully folder
structure for this type of data.

Start the tool from “SAS” “Create QRS folder structure”.

§f:_\gtreate folder structurel - Igor Pro 4.07
File Edit Data Analysis Macros MWindows Panel Misc Help SAS

Il Data Browser B (=] P9} | B IR 1F_CreateQRSFldrStructure ﬁi % -10f x|
Current Data Folder:
l}lrcu:nt :Packages:CreateFldrStructure: Create folder structure for QRS data
],ool vI Selectfolder with data : l vI
Display
IV Waves -3 root g ‘Where to create new data folders? [root SAS: |
I” Variables [ 5_ASProc
g ﬁ:,’:gs o 8 Packages Backup old data to [rootSAS_Data_Backup: |
¥ Plot =] SAS
° =l ImportedData
New Folder.. ' R_eh06_95 Convert structure I
Browse Expt... i Q_eh06_95
Help E S_eb06_95
s [ R_eb0B_10
il [ a_eb0s_10
Preferences... [5 5_eh06_10
Ezecute Cmd..l [ R_eb06_100
; Q_eh0B_100

Select a wave icon to see a plot

Note that all my imported data are in “root:SAS:ImportedData:” folder. They can be in any folder in the Igor
experiment. Note few controls in the panel just created.

“Select folder with data” this popup will list ONLY folders containing triplets of QRS named data. Select
folder, which contains data you want to convert. In case of this example the “root:SAS:ImportedData:” folder
“Where to create new data folder?” Input full folder name to folder, in which you want to create new folders
with the separated data

“Backup old data to” input full folder name where you want to put backup copy of old data. If empty, backup
will not be created.
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§Etreate folder structurel - Igor Pro 4.07

File Edit Data Analysis Macros Windows Misc Help SAS

Il Data Browser I IR1F_CreateQRSFldrStructure S - lﬂlﬁ
Current Data Folder:
D |rDDt :Packages: CreateFldrStructure: Create folder structure for QRS data
|'°°' 3 Selectfolder with data.: I root:SAS:ImportedD ata: 'I

Display
IV Waves &--[3 root j ‘Where to create new data folders? [root SAS: |

I~ Variables ..l S_ASProc
[V Stiings & Packages
IV Info it g
¥ Plot

Backup old data to [root SAS_Data_Backup: |

{23 ImportedData

New Folder... | 3 eb06_95 Convert structure I
Browse Expt... -3 eb0B_10
R &3 eb0B_100
—D-;l-!:lP—‘ eb06_105
[ ... eh06_110
Preferences... -2 eb0B_115

Evecute Emd...] m -3 eb06_120

- [3 eb06_125

Select awave icon to see a plot

Select appropriate folder with data and push button “Convert structure”. Result can be seen above — folder
“Imported data” is now empty and new folders which are named by sample names (using the name from QRS
naming structure) were created. Each contains QRS named triplet of waves.

inal data is now in root:SAS Data Backup folder:

Il Data Browser Il IR1F_CreateQRSFldrStructure ! i = Iﬂtﬂ
Current Data Folder:
*Iroot :Packages:CreateFldrStructure: Create folder structure for QRS data
Img[ EI Selectfolder with data.: I root:SAS:ImportedD ata: 'I

Display
V Waves

[~ Variables i
[V Stiings > &3 Packages

i’ ‘Where to create new data folders? [root:SAS: |

Backup old data to [root SAS_Data_Backup: |

SAS_Data_Backup

___INW Folder... R_eh06_95 Convert structure |
Browse Exptml [ Q_eb06_95

Wb | 5_eh0B_95

o [ R_eb06_10
T Q_eb06_10
Preferences.. | S_eb0B_10
Ezecute Cmd...l [ R_eb06_100

= Q_eh06_100
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Few comments.

This tool is relatively simple and does not do much checking. It will not be able to remove waves, which are
part of any graph (or for other reasons Igor refuses to remove them). It will create new copies of these data, it

just cannot remove the waves in use.

The folders with data are never overwritten, if folder of the particular name exists, index starting from 0 will be
attached to the name.

Do not backup into the same place where the data are coming from. Make separate backup into separate folder.
Data, for which the code does not find properly named QRS triplet of waves are not touched.
There is no checking for wave length or other validity, all what is used is the names of the waves.

The code does not know about any “name extensions”, so data named “R_myName BkgSub” are treated as
separate data from original data “R_myName”...

I assume, that your names are legal and valid. The code may fail on liberal names (names with spaces and other

weird characters). I need to test that later. This should not be a problem, since most users with the data needing
this treatment should have standard (non-liberal) names, or the code used to create these should not work..
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3. Data manipulation tools

3.1 Data manipulation | — one or two data sets

This tool allows the user to modify data in many ways. It can work on one or two data sets at the same time.

The data sets may or may not contain errors.

The tool allows the following data manipulations:

1. Modity data — multiply the intensity and errors by constant, subtract background, and shift in Q
2. Merge data sets - attach data sets together as when attaching sectors from different camera lengths
on pinhole cameras. The data can be scaled together manually or automatically by using area under

the curves in range selected by cursors
Sum together data

Subtract data set one from another
Re-bin intensity and errors to new Q

SNk w

constant.

3.1.1 Panel description

In the top part user can select First set data input and Second set
data input. The behavior of these controls is always the same in
all Irena macros system.

Select data naming convention used — Indra 2 (Folder names for
sample names and then DSM_Int, DSM_Qvec, and DSM_Error),
“grs” (suggested use of folder names for sample names [but not
necessary|, q_sampleName for q vector, r_sampleName for
intensity and s_sampleName for error. Or do not check any
checkbox and all folders and waves will be listed (allows for
ANY naming convention to be used).

The pick Data folder. Subset of folder will be listed in specific
naming conventions.

Waves with data may or may not be automatically selected,
depending on naming convention.

You do not have to select error wave, but it is strongly suggested
to create one during data import, if better error wave does not
exist!!!

Add data and graph  after selecting one or two data sets (use
data set 1 as single set, please) click this button — data are
recorded for use by the tool and graph is created.

Reset Modify resets the tool

Autoscale When two data sets are used and range of data
(overlapping data) is selected using cursors, this will calculate
area under both curves and use the ratio of these areas to scale

Smooth data in linear or logarithmic scales or using spline smoothing with variable smoothing

00O

Data Manipulation

Data manipulation input panel

Firstdataset [ | Indra 2 data (W] QRS (QIS) [ Irena results [ | Model

Data folder: |——- &
Wave with X axis data | --—

Wave with Y axis data | -—

“«

H

«

Wave with Error data | ———

Second data set ':' Indra 2 data M QRS (QIS) ':' Irena results ':' Model

Data folder: |——— &

Wave with X axis data

it

Wave with Y axis data | --—

|

|
-

Wave with Error data | ——

(" Adddamand Graph )
Modify data 1

Reset Modify AutoScale

Modify Data 2

Multiply Int by [ v Multiply Int by |1 v

Sbtrct bckg [0 v Sbtrct bckg [0 v

Q shift ) v Q shift ) v

Error multiplier | 1 = Error multiplier | 1 =

( RemQ<Csr(A) ) Rem Csr{A) ( RemQ>Csr(B) )
("] Combine data [") Datal + Data2 [") Datal / Data2
(] Datal - Data2 ("] Datal using Q2 [) (Datal-Data2)/Data2
() Data2 - Datal [7) Data1 [[) Data 2
[7) Reduce Nopntsby [1 |[3 M Log Reduce to 900 =

—r

["] Smooth (log) [} Smooth (lin) Smoothing window? | 3 5
[] Smcoth Spline O

Pick new data folder | ~—— ?

New data folder: root:SAS:ImportedData:'Si02_MCM41_SAXS_2Zm[4]":

New Q wave nm  Q_Si02_MCM41_SAXS_2m|[4]_mod

New Intensity nm | R_S102_MCM41_SAXS_2m[4]_mod Go

New Error name | S_Si02_MCM41_SAXS_2m[4]_med SAVE

data set 2 to data set 1. Will write the result into the Modify data 2, Multiply int by. There it can be later

modified by user.
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Modify data areas. Scaling factors, background subtraction, etc.

Rem Q<Csr(A) remove data with Qs smaller than Q for the data point on which is cursor A (rounded
cursor) set. Note, this gets the data set name from the wave on which the cursor is positioned. Place cursor on
right data set you want to modify.

Rem Csr(A) removes ONE point, on which the cursor resides at this moment.

Rem O>Csr(B) removes points with Qs larger than Q of the point with cursor B (squared) for the data set
on which the cursor B is. Note, this may not be the same data set as where the cursor A is!

Combine data joins data by simply writing two data sets into one data set and arranging them from smallest Q
to largest Q. No rebinning for Qs is done. Therefore it is likely in overlap region may be more points than
appropriate. Suggestions for use are below in the section titled "Various uses for this tool.".

Datal — Data?2 ; Data? — Datal ; Datal + Data?2 ; Datal / Data2; (Datal — Data2)/Data?2 These do the
math described here on the intensity data (and properly propagate the errors). This is done after rebinning data 2
to Q points of Data 1. This is done by interpolation of logarithm of intensity and then conversion back to
intensity.

Data 1 using Qvec2 Does ONLY rebinning of Data set 1 to Q vector of data set 2 (and propagates errors, if
available).

Data 1 ; Data 2 Passes data 1 or 2 only to allow use of smoothing on data without any math being done.

“Reduce No of points by”  Takes Data 1 and reduces number of points by number selected (2 = 2 points
left).

“Log Reduce to” Takes Data 1 and reduces number of points using approximately logarithmic reduction.
Generally, at low-q more points are left while at high q more points are summed. Note, this reduction is by
averaging points on log-scale and assigning them new, average, q, intensity, and error (all simple averages).
This is done by first creating new log-Q scaling and then going through data and summing in each newly
created q bin (borders being linear half distance between preceding and subsequent points) all of the Q, intensity
and errors (if exist)... Bins with no values in them are then dropped... This has side effects: you cannot create
more points then exists, you cannot increase point density (no interpolation is done) and the new Q scale may
not be exactly logarithmic. Also, you are not guarantee to have the right number of points you requested, as
some may have been dropped, if locally the density of new points was higher than density of old points...

Slider below the checkbox controls the weighing of the log scale — how many points are created at low
and high Q values. You need to push the button “go” first time when using the “Log reduce to” — after that the
slider updates the graph every time the value is changed and mouse is released.

This tool can be very useful, when large number of points exists at high Q with very little information
content. Especially when input data have very high number of points, some of the tools will run very slow or
not run at all for memory limitations. This data reduction may be the right choice...

Results of above mathematical functions can be also smoothed by checking Smooth checkboxes and selecting
appropriate Smoothing window.

Smooth (log) smooth logarithm of intensity and then converts back to intensity

Smooth (lin) smooth directly intensity

Smooth window number of points accounted in “running average” smoothing used here...

Smooth spline uses spline interpolation (with slider on right setting the spline smooth parameter). Use
carefully — and test right setting of the slider. You need to push “go” first time, after that (when smoothing
parameter is changed and mouse is let go) the data are redrawn automatically.
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Output area

Pick new data folder pull down menu allows selection of existing folder in Igor experiment

New data folder modify, write in data folder name (fullname, staring from root:...., use the above pull
down to preselect). If the folder does not exist, it will be created

New intensity name, New Q wave name, New Error wave name names for output waves. Please fill in
appropriately for your naming convention.

3.1.2 Various uses of this tool

1. Merging segments from various sources. Import segments and then load in as Data set 1 the set which is
calibrated, as set 2 next one and using automated method (select data overlap by cursors) scale them
together. Remove extra points, reduce number of points in overlap area (if necessary) and subtract
backgrounds, if necessary. The Combine data. Smooth if desired.

2. Subtraction of one data set from another. Load the data sets in, scale and modify if necessary. Do the
proper math. Smooth if necessary.

3. Smoothing data. Select only data set 1 data, pas it through math part (modify, if necessary) and select
smoothing method desired.

Please, make sure you fill in properly the names of waves for output data. There is nothing I can do here to
catch typos and mistakes. ..
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3.2 Data manipulation Il - many data sets

This tool serves for modification of many data sets at once. In first version it can ONLY average waves, but it
can be modified to do other things. If you have any ideas, let me know.

3.2.1 Introduction

This tool is combination of data selection method used in Data Mining tool, which enables user to select folders
with data. These data can be processed (averaged for now), plotted and saved.

It is relatively simple tool at this moment... User selects by one of few methods number of data sets and these
then are processed.
Averaging — first data set found during processing X (Q for SAS data) values are used for result X vales. At this
time there is not way of reordering the data, so this is kind of random which X wave is picked. Then for all data
sets the Y is linearly interpolated for each X value and average and standard deviation (or standard error of
mean) are calculated. It is not necessary to have the same number of points — and it is even not necessary to
have same X (Q) range, but if the X range is different, Igor will extrapolate the closes existing values as fixed
number. That is likely going to make such situation really bad. But anyway, the code will not fail.

What is nto done yet: As written now, the code simply dumps any errors provided and uses only the
standard deviation on the Y values. If I get smarter, I can try to propagate the errors also.
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3.2.2 GUI and controls

o N o T

Items in selected folder

800

Items In the selected folder

Data manipulation |
Data manipulation II panel
E Indra 2 data D Irena results
Test folder ) opq g
Test data mmer[mot:l.lSA}{S:'11_15_GC_GHL':‘59_GC G13 Nov 09 1Y
Which data:
Start Folder | FoOL:USAXS:'11_15_GC_GHL": I+
Folder Match String ("*" for all): | * L*
¥ data: | SMR_Qvec L Read X
Y data: | SMR_Int L Read Y
Error data: | SMR_enror | Read Emror )

I: Preview selection jl D Enable Manuzl Folder Selection?

Processing Options:
E Average Waves? E Generate Statistics For AvellWws?

{*) std Deviation? () Std Dev of Mean?

Output Options:
é Display Result? E Display Socurce dta?
New Folder name: rootzUSAXS:"11_15_GC_GHL':"59_GC G713 Nov 09 I_mar
New X data name: DEM_Qvec
Mew ¥ data name: DEM_Int
Mew Err data name: | D&M_Error

E log X axis? O Color scheme 17 8 Color scheme 37
E log Y axis? () Color scheme 27 Legend fant size [10 b2
I:- Process data ) I: Save data }

AR_encoder
PD_range
USAXE_FD
MeasTime
Monitor
R_Int
R_error
R_Qwvec
BL_R_Int
BL_R_error
BL_R_Qwec
EMR_Int
SMR_error
EMRE_Qwec
DEM_Int
DEM_Qvec
DEM_Error

Selected Folders for processing:

( SelectAll ) (_ Deselect All

)

J

e

The control panel is on right, Panel with two list boxes for user controls on the left.
At the top of the control panel is standard suite of data selection control. User should select folder in which are

waves which user may want to do something with. In my case I selected a folder containing some Indra

(USAXS) data I want to sum together.

Please note, that for lack of better choice, this “Test Folder” name will be used as template for output
suggestion — basically, I will add “ manlI” to its name. You can modify later.

Which data

In this area user should try to select as best as possible the data to be used.

Start folder — Lists folders in the current experiment, any folder below this one in the folder hierarchy will be

searched. Therefore, user can select only part of the data to be searched and considered.

© Jan Ilavsky, 2009
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Folder Match String — string which can be used to match to folder names. Uses more or less standard system,
basically I suggest considering this: * matches any folder name, *K* matches any folder containing k in the
name (the search is not case sensitive. In the example, I wanted to match all folders which contained space and 1
next to each other, so [ used * L*. Note, do not add “” to this string.

Xdata, Y data, Error data — you can use either full name (like the Indra data “SMR_Int”, etc.) or you can use *
to create string which matches part of the name. For QRS data, for example, you can use q*, r*, and s*. While
this does nto guarantee the right triplet is used (firs wave starting q will be used for x, first starting r for y etc.),
it should usually work. Things get messy if many qrs waves are in the same folder. This tool just cannot manage
that. If you have weird system, send me example and I can try to fix it.

Preview selection — runs data checking code and finds the folders with data. Just the folders. They are listed in
the bottom listbox in the panel on right.

Enable Manual selection — if selected, user can manually select only subset of folders in the listbox on right
(bottom). Use buttons Select All and Deselect All - as well ctrl and shift — left mouse button to select ranges of
data.

.

reot:EAXS" 1T _15_GC_GHL':"563_{Glassy Carbon L1 I -~
root:EAXS!' T _15_GC_GHL'"568_{lassy Carbon L2 1I™;
reot:UEAXS" 1T _15_GC_GHL':"57 B _{fGlassy Carbon L3 I
root:EAXS! T _15_GC_GHL'"583_{lassy Carbon L4 1I™;
reot:UEAXS 1T _15_GC_GHL':"588_{Glassy Carbon LS I
root:EAXS! 11 _15_GC_GHL':"593_{Glassy Carbon L II™;
reot:UEAXS 1T _15_GC_GHL':"588_{fGlassy Carbon L7 1"
root:EAXS 11 _15_GC_GHL':"5108_Glassy Carbon L8 11
reot:UEAXS 1T _15_GC_GHL':"5113_Glassy Carbom LS 1%

root:UEAXSE:"1 11 5_GC_GHL":
root:USAXSE"TT _15_GC_GHL":
roeot:USAXSE:"TT _15_GC_GHL":
root:USAXETT _15_GC_GHL":
roeot:USAXSE:"TT _15_GC_GHL":
root:USAXSE"TT _15_GC_GHL":
root:USAXE'TT _15_GC_GHL":
root:USAXETT _15_GC_GHL":
root:USAXSE:' 11 _15_GC_GHL":

'8118_Glassy Carbon L1011
2123 _Glassy Carbon L1171 11%
‘5128 _Glassy Carbon L12 11"
'5138_Glassy Carbon L1311
‘5143 _Glassy Carbon L14 11"
'2148_Glassy Carbon L1511
'5153_Glassy Carbon L1611
'5158_Glassy Carbon L1711
'5168_Glassy Carbon L18 11"

T Select All )

( Deselect All

Now the Processing controls:

© Jan Ilavsky, 2009
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Processing Options:
E Average Waves? E Gemerate Statistics For AveWws?
(®) Std Deviation? () Std Dev of Mean?

Hopefully later there will be more options. For now you can Average Waves, and you can choose to create

statistics (either standard deviation for each point or standard deviation of mean). As noted above, at this
moment this is purely statistics on Y values, Errors are not considered.

Output options
Output Options:
é Display Result? E Display Scurce dta?
Mew Folder name: rootzUSAXSE:"TT_15_GC_GHL":"S9_&EC G13 Now 09 I_mar
Mew X data mame: SMR_Qwec

Mew ¥ data name: SME_Int

Mew Emr data name: | SME_Error

E log X axis? D Color scheme 17 B Color scheme 37
E log Y axis? () Color scheme 27 Legend font size 10 B:
I: Process data -:] I: Save data jl

A

Display result? And “Display Source data? Will cause that a graph with results and source data will be
presented when Process data is pushed.
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an0n DataManipulation Il Graph ]
B
5-
4-
. ,lr
7
?’_
5
—_ | — "563_Glassy Carbon L1 1I"SMR_Int
v 5 — "S568_Glassy Carbon L2 1I"SMR_Int#1
E 4- —— "E78_Glassy Carbon L3 [I"SMR_Int#2
& '583_Glassy Carbon L4 [I"SMR_Int#3
'S88_Glassy Carbon LS [I"SMR_Int#4
B\ 3 '593_Glassy Carbon LE [I:SMR_Int4S
17 '598_Glassy Carbon L7 II"SMR_Int#6
o 'S108_Glassy Carbon L3 I SMR_Int#7
i) 7 '5113_Glassy Carbon L9 II'SMRB_IntH#E
E "S118_Glassy Carbon L10 IMSMR_Int#3

'5123_Glassy Carbon L11 IMSMR_Int#10
'5128_Glassy Carbon L12 IRSMRE_Int#11

'5138_Glassy Carbon L13 IMSMR_Int#12

'S5143_Glassy Carbon L14 II"SMR_Int#13

'1 — '5148_Glassy Carbon L15 IIRSMRE_Int#14
= '5153_Glassy Carbon L16 IMSMR_In#15
! 'S5158_Glassy Carbon L17 ISMR_In&#16
7 5168 _Glassy Carbon L18 ISMR_Ing#17
6 '5173_Glassy Carbon L19 II"SMR_Int#18
'S178_Glassy Carbon L20 II"SMR_Int#19

5 — '51832_Glassy Carbon L21 II"SMR_Int#20
i — "5188_Glassy Carbon L22 II"SMR_Int#21
4 — "518&_Glassy Carbon L23 II"SMR_Int#22
— '5203_Glassy Carbon L24 II"SMR_Int#23
3 — "S208_Glassy Carbon L25 IIRSMR_Int#24
'5213_Glassy Carbon L28 II"SMR_Int#25

1 DataManipulationl:ManipliProcessadDatay

2_
II| T T IIIIII| T T IIIIII| T T IIIIII|
-1
QA ] y

Example of plot with data with average.

New Folder name and X, Y, Err names - folder needs to be with path (keep it short), separated by :. No need to
add © ‘ to names with spaces, the code will fix it. If a name is too long (more than 30 characters) it will be cut
short. Wave names are simple strings, can contain spaces, but no special characters. No +, -, and other weird
symbols.

Other controls below control how the output graph looks like.

If the results look good and you like them, use Save data button, which will store the data in the folder and
under names in the above controls.
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4. Plotting tools

4.1 Introduction

This plotting tool is designed to be able to produce publication ready plots of SAS data and simple fits. The tool
allows creation of plot user styles, which can be applied quickly and reproducibly to numerous sets of data.
New data types can be automatically created. Please note, that the formatting is saved ONLY ifit is done
through my custom made panels designed for this purpose.
The tasks, which can be done:

I. Load data and plot them, new data types (e.g., Y * X”*4) are automatically created if necessary.

2. Modify data (Multiply Intensity, remove points, subtract background,...)

3. Do simple fitting (Porod, Guinier,...)

4. Create plot user styles, import and export them from current Igor experiment for future use

Note, that this tool also allows displaying “results” — size distributions, Unified fits etc. The capabilities are still
little bit limited in this area... I plan to improve on this.

4.2 Description

Select “General Plotting tool” from SAS menu.

iz\gTest - Igor Pro 5.03

File Edit Data Analysis Macros Windows Panel Misc Help SAS2D SAS

I General Plotting tool .J_.I- m] ﬂ _Iﬂlﬂ
Flotting tool input panel
Data input E 3:: E;usaﬁacllaala [ Use lrena 1 results

Data folder: m
Wave with X axis data m

Wave with Y axis data I_H
Wave with Error data m

[ asdaes  |[ Remoweams |[ ®eoorgh | [ Kill orgh, Rest |

[Newlserstie ]
Graph style | NewUserStyle ¥ m

_feerrgmw )
[ Manage Graph styles ] Store and recall graphe I
Xaxisdata' b 'I Yaxisdatal | 'i
Log X axis? Log axis?
[ Maijor Grid % ais? [ Maior Grid Y axis?
[ Minor Grid X axis? [ Minor Grid ¥ axis?
[ Mimor X axis? [ Mirror Y axis?
X avis title [ |
Y auis title 1%, pesamemrs
[ Append Legend? [ Emors bars?
[ Use symbols? Symbol size
M Use lines? Line width [T__][9)]
[ ary colors? [ Wary Symbols? [ Wary lines?
X axis autoscale? Y axis autoscale?

Min: [1.0000e+00 ___ ||©] Min: [T.0000e+00 ][9]
Max: [1.0000e+00____ ||©] Max: [T.0000e+00____ ||

Select data in usual way and push button “Add data”. You can add multiple data sets (most formatting in this
tool is set for up to 8 different data sets). You cannot have the same data set twice, code will complain and
refuse to do so. You can add data anytime later also.
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Apply Graph style available in the popup “Graph style” or select the data type to plot on both axes. The needed
data are created, if they do not exist.

Use checkboxes and more controls in “Change graph details” (opens new panel with more space) to modify
graph as needed.

Example: Selected data and applied included log-log style:

ii\gTest - Igor Pro 5.03

File Edit Data Analysis Macros MWindows Graph Misc Help SAS2D SAS

Il General Plotting tool =10 x|

Plotting tool input panei NEPPUTTH ST R

H [ UseIndra 2data [ Use lrena 1 results
Data input Use QRS data ;

Data folder:' root:5AS:ImportedD ata:'Test data’: _'J 10
Wave with X axis data I 0_Test data 'l
‘Wave with Y axis data I 1_Test data vl 10 - 777777777777777777777777777
Wave with Error data I s_Test data 'I 5

[ asdass || Removeaws |[ ®Reoopn || il Gogh, Resa |

‘e S O S SR S
s 10
Graph style mm [mﬁm =

(mmewor ) L e
X axis data I'—E Y axis data I.-Y—:v]
[ Log X axis? [ Log axis?
[ Major Grid % axis? [ Major Grid Y axis? B
[ Minor Grid X axis? [ Minor Grid Y axis? LI I D A |
Mirror X axis? Mirror ¥ axis? - i

X axis title [g [AAS-1\M] |

Y axis title [Intensity [cm\S-14M] | 0.001 0.01 0.1
[ Append Legend? [ Erors bars? q [AA]

[4 Use symbols? Symbol size X:

[4 Use lines? Line width X

4 Vary colors? Wary Symbols? [ Vary lines?

M X axis autoscale? M ais autoscale?

Min: [2464Be04 |  Min [T09%e0T |

Max: [6.7576e01 |  Max [B3268e+07 |

Note few items: In the axes names you need to use Igor formatting for subscripts, superscripts, Greek letters etc.

Setting limits on the axis can be done manually or using function which can be called using zoom function in
Igor. Select area of the graph you want to zoom to and right-click. Select “ZoomAndSetLimits” from the menu.
This will zoom the graph as well as set limits in this tool.

Creating user style

When you have graph which you like to use many times, click button “Save new graph style”. The new style
will be created after user provides name. The name is checked for uniqueness and for name appropriateness, so
the new name may be slight modification of the name provided. You can rename the style using “Manage
Graph details” button.

Import & Export of styles
Use “Manage Graph details” button.
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File Edit Data Analysis Macros Windows Panel Misc Help SAS

— el
m' El IR1P_StylesManagementPane! = [EIL)S_I
Manage styles
Experi Use shift to select multiple set 10—
Datafolc Styles within Igor Styles outside Igor s
10 —
Wave w LoglLog :J Loglog _AJ
S Ave o PorodPlot 105 —
test2 L—
Wwave v test24 g 104 -
test3 ey
Add da g 103 _
=
- 2
Graph s 10 —
B = '
Sav 10 —
% axis d Delete l Delete l 100 |
Y axis d Rename/Duplicate l Rename/Duplicate I
M Log - Copy -—-->>> I
M Mai <<<-- Copy -- I —
4 Mirn e
¥ axis name [Q vector [AAS-1\M] | |
=i e

The panel shows two main lists. Left shows user styles available in Igor and right shows styles outside Igor.
Buttons under each window allow manipulation with the styles, the buttons “ --- Copy -2 or “&-Copy ---“

can be used to copy styles between the Igor experiment and hard drive storage space.
When done, kill the panel.

Modifying the data
Click button “Modify data” and new panel will show up.

File Edit Data Analysis Macros Windows Panel Misc Help SAS

B IR1P_ControlPanel = -0 x|
Plotting tool input panel
. . [ Use Indra 2 data structure
Experimental data input Use QRS data shructure 0 -
Datafll i s P, = . i
o I IR1P_ModifyDataPanel i ] Y 103 -
Wave w
Here you can modify the data in the graph 5
Wave w J 10 —
This WILL CHANGE your data —
Wavew Backup is saved with "name"+_hckup £ 10" -
And if different, ploted data types are recreated g
ﬂ Make sure you understand possible sideffects E 103 -
@
Data I vl E
Graph s 1[]2 -
- Int Scaling factor | 1.0000e+00 @ ;
av -
Int Subtract background [0.0000e+00 i
#25d ohit 0 vector [D00002700 Bl 10° -
Yarisd  Multiply error bars by [7.0000e+00 @
[M Log Remove B<Csr4) l Remove B>Cst(B) I
Maiy Remove point [Csr(4)]) ‘
O Mine On
Cancel l [ ]
B4 Mim .
Recover backup l
X asis n

Important information:
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When this tool is used FIRST time on a data set, it creates a backup copy of the data. Anytime later, this can be
recovered. If that is done, ALL changes done to the data will be removed.

Select data to modify, modify using buttons and numbers. For removing data smaller than particular Q or
removing just one data point, user rounded cursor (called A in Igor) and for removing data larger than particular
Q use cursor B (squared).

Use button Cancel to reset the corrections to default values seen above. Note, that this resets instance of running
this tool, to reset data to original data you may have to recover backup of the data...

Fitting
i;\ﬂTest case example new - Igor Pro 4.07
File Edit Data @Analysis Macros Windows Panel Misc Help SAS

M IR1P_ControlPanel -1of x|

Plotting tool input panel N
: - [ Use Indra 2 data structure N
Experimental data input U5 DB A cie 7
1 PP A s
Wl IR1P_FittingDataPanel 101 x]
Standard fitts to the data in the graph
Waven oot cyrsors to a data setto range of data
Select function etc.

Function | Porodinloglog ¥ | [ Use errors?

Fitted formula [Int = PC * 0™[-4] + background |

Data folc'

Wave w

Wave

Add da

Intensity [crm']

Input starting guesses for parameters 14 SRRSO U )
Background  [0.0000e+00
Sa¥  Ppoodconst.  [1.0000e+00 L S

X axis d

Graph s

Y axis d

AREHEET | e
M Log

0.001 0.0
Q vector |

[ Minoromo-ams- o cmarase i 2% oo | P

Use button “Fitting” to pull up panel with fitting range, checkbox “Use errors” if these are available. Select
function to fit. Use cursors to select range of data to fit.

Note, that various number of parameters appears below for starting guesses for parameters. You can try to push
button “Guess fit parameters”. This will try to guess starting parameters for fitting, since these are necessary for
various fits. It may or may not work well. Good guess is VERY important for least square fitting. Example:

Test case example new - Igor Pro 4.07
Edit Data Analysis Macros Windows Panel Misc Help SAS

o Mai Fit | Remove Tags andFits |

BN IR1P_ControlPanel - 10} x|
Plotting tool inpuit panel
- - [ Use Indra 2 data structure
Experimental data input 3e0RS dsg s cetie
D t [ I . 1 P—— P P -
S Bl IR1P_FittingDataPanel i =]
Wave w 7 7
Standard fitts to the data in the graph 5
Wavew oot cursars to a data setto range of data _. 1o B
wavew Selectfunction etc. = 4
L 10 I~
Function l Porod in loglog 'l M Use ernors? =
Add da @ 3 |
Fitted formula [Int = PC * Q7(-4] + backaround | E 10
=
Graph s Input starting guesses for parameters - 102 -
Background  [1.2345e-01
Sa%  Porod const. 1.9002e-05 1 Dl I~
X axis d 0
Bt 1 D |
Y avis d : H =
T T T Pt
M Log i _ 0.001 oot od
& Mai Fit l Remove Tags and Fits I Q vector [A. ]
S [ A 'R_Test data’ | [pnt:85 X:0.04916
[ Minoremorsrst [T BR Tet date 0Od 036585
4 Mirror X axis? M Mirror Y axis?

The try to fitting:
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Results are printed in graph:

Il IR1P_ControlPane : =10 x|
Plom'ngtOOIiantpanel L |||||||! L ||||n|! Lo
: . [ Use Indra 2 data structure
Experimental data input [M Use ORS data structure 10? B
D t r I- 1 PP am. s, a " 1
Sty M IR1P_FittingDat: _{Of x| 10° L
Wave w g B : : :
Standard fitts to the data in the graph 5 — — -
Wavew oot cursors to a data setto range of data o FltteE Porod Int = PC* Q(-4) + background |-
Select function etc. o PC = 1.6232¢-05
Wave » 5 10t Background = 0.11486 -
Function I Porod in loglog '] [ Use errors? = chi-square = 12.903
Add da ‘@ 3 | O, S W W |
" Fitted formula [Int= PC* Q-4 + background ] § WO ' \
(=4
Giachis Input starting guesses for parameters - 102
Background 1.1486e-01
1
Sav Porodconst.  [1.6232e-05 10
X axis d 0
axs 10
Y axis d
Guess fit param l
Log _ A 0.001 0.01 0.1
Mai Fit I Remoave Tags and Fits I Q vector | A.‘]
O MineromorcmmsT N ST - -
M Mirror X axis? M Mirror Y axis?

To remove the results from the graph and clean it up, use button “Remove Tags and Fits”.

Storing graphs for future use, exporting figures

7 :
Pl I ™ IR1P_StoreGraphsCtriPnl N =B L'.‘ AAAAAAAAAAAAAAAA
Wave with O de ! :
i Save and store gri aphs :
Wave with Inter
To save graph to separate file:
RO IR Save tiff file I Save jpg file
Add data | J To save IGOR recreation macro:
Save |gor recreation macro
Graphstyle | © :
BOSY l_ To save Irena 1 Plotting tool graph: : ~
Save new ¢ New macro name: [testZ ' """""""
X avis data [ 0 £ Siore frena 1 pioting ool araph |
+ axis data I_| To load Irena 1 Plotting tool graph:
LogX axis?  [est2 - 1 SRS RS
Major Grid X . i
[ Minor Grid X . | I S S
Mirror X axis? —&— '54_PolyNIPam
(5 [ | F—
X ais title [0 2 — ,”“i T
. Load selected Plotting tool stored graph I
Y axis title [Inte 0.001
4 Append Leg Delete selected Plotting tool stored graph |

[ Use symbolsT————symmorsize [T Jj T~ | . [pnt:
M Use lines? Line width | B: pnt:
L L | lmpr S e L oL

To get a control panel controlling the features for storing graph, exporting graph and recalling stored graph,
push button on main screen “Store and recall graph”. This pulls up the above control graph.

Controls description:

The two top buttons allow user to save current graph as tiff or jpg files. The dialog for naming them is provided
after pushing the button.

To save Igor recreation macro, push the next button. It does not work yet... I need to figure out how to do this.
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Next is name for Irena own recreation macro, which you can store. This macro is in form of string and stored in
“root:Packages:StoredGraphs:".

The advantage of using this macro compared to Igor Pro recreation macros is the fact, that after recovery of
graph through this macro the Plotting tool can still control all features. That is not true for Igor recreation
macros.

“Store Irena plotting tool graph” button will store the current graph in the above-mentioned place as a string.
The strings are listed in the listBox below.

Selected stored graph in the listBox can be either restored — or deleted, using the buttons below.

Modifying the data in the graphing tool

To restart the tool and cleanup the data from graph push button “Kill graph, reset”, to remove one data set at a
time from the tool, use button “Remove data”.

4.3 Plotting tool Il

This is modification of plotting tool developed by Dale Schaefer. This tool control ANY top graph. It can,
therefore, be used more flexibly — but has some limitations... This tool is likely to be developed more in the
future.

General Plotting tool 8MNo Plotting tool Il Graph

Plotting tool ingnit panel Ny 10°

g E Indra 2 data D Irena results (h\
Datainput 5 grsqs)

Data foider: (root:USAXS:'08_09':565_JR63: %]
Wave with X axis data I\@

Wove it Y ais doa. (SR it F8) o
‘Wave with Error data I\@

(" NewGrph ) Adddwa ) Standwd ) SaveGraph )

— SE5_JREZ

10°

E Log X axis? E Log Y axis? D Error bars?

X axis title [ (A ')
¥ ass tite [Intensity (cm™ ')

.1 ||||I.'_I.'|

Intensity (em™

Legends: [ Folder Mames [ Wave Names
Legend font size I.]_U v i

D Use symbols?  Symbal size | 1 |§| D Black&White
™ Use fnes?  Linewicth [ |[7] 10'

E X Major Grid D X Minor Grid? Axis width: | 2 |§|
E ¥ Major Grid D ¥ Minor Grid Tic Rotation: | O |§|

E Y axis autoscale? E X axis autoscale? o
[ Ceptere ) win: [3.8581e-01 [¥] win: [29695e103 [ 10 \\N
(" Change ) Max [1.2288e-05 [3]  wax [0z3TeD [ ETEEETET L1 i LT
— 10°* 10° 10 10!
Y/ q(A") 4
The GUI contains selected controls and any change in this GUI is applied to the top graph. Note, that compared
to Plotting tool I, which at each modification reapplies all formatting to the graph it controls, this tool applies
only the control which has been changed. Therefore, this tool is basically ONLY different GUI to Igor controls

— combined with convenient Irena data selection tools.
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5. Scattering contrast calculator

5.1 Introduction

Calculating scattering contrast for various compounds is annoying “monkey” work, which can be easily left to
computers. The tool in “Irena” at this time allows one to calculate the X-ray and neutron scattering contrast for
compounds with up to 24 atoms, with known density, with known atomic fractions and with no energy
dependence. Energy-dependent anomalous scattering effects (for X-rays) may also be considered by an
additional level of this tool (see button marked "Anomalous calculator" in lower right corner).

5.2 Running Scattering contrast calculator

Select from menu “SAS” item “Scattering contrast calculator”:
Al =k

Substance editor and scattering contrast calculator

Number of elements 2 ]|©]  Denstyla/em3] [ | [ Weight fraction?

Modify element: W=

| | |

10 15 20

. Neub:  0.3446
Element Al Isotope I natural ¥ I Blectrons: 13 Incoh b: 0.01
Atom wt: 26.9815 Abs Xsec: 023
ALO,
Saved substances: [ Within this experiment (or on the computer)?
Molecular weight 101.961 Ag =] Save data
Weight of 1 mol [g] 1.69311e-22 A203
Num of mol in Tem3 2362526422 XewtPetYSz
Number of electrons per mol 50 i
Number of el per Tcm3 1.18126e+24
Xray scat length dens (ho) [10"10cm-2]  33.08 LI
Volume of 1 mol [cm3] 4.23277e-23 Second phase :  vacuum [M Use Vacuum?
Total b of the molecule [cm] 2.43010e-12 Xray scatt length dens second phase (ho) [10™10em2) [0 |
Neut. scat length dens (ho) [10"10cm-2]  5.741 Neutrons scatt length dens second phase (ho) [10°10cm2] [0 |
Xrays delta+ho squared [10720 cm-4] 1094
Neutrons delta+ho squared [10"20cm-4]  32.96 I Anomalous calculator I
Ratio Xrays/Neutrons delta tho-squared 3319
Ready l [

This is the interface. At the top, select number of atoms in the material, set its density and check the check box
if you want neutron data displayed. Let’s select 2 atoms, may be Al,O3; (Corundum) with density of 4 and see
neutron results. This is the picture after this selection
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| I Scattering contrast calculator main S = |I:||lj
Substance editor and scattering contrast calculator
1
Number of elements Denstyfo/em3] [ | [ Weight fraction?
Modify element: _
| | |
10 15 20
. Neub:  0.3446
Element Al Isotope | natural ¥ S W Incohb: 001
Atom wt: 26.9815 Abs Xsec: 023
AL O,
Saved substances: Within this experiment or on the computer)?
Molecular weight 101.961 Ag = [ Save data |
Weight of 1mol [g] 1.69311e-22
Num of molin Tcm3 2362526422 XButPctYSZ
Number of electrons per mol 50
Number of el per 1em3 1.18126e+24
Xray scat length dens (ho) [10™10cm-2]  33.08 /|
Volume of 1mol [cm3] 4.23277e-23 Second phase :  vacuum M Use Vacuum?
Total b of the molecule [cm] 243010e-12 Xray scatt length dens second phase ho) [10710em2) [0 |
Neut. scat length dens (ho) [10*10cm-2]  5.741 Neutrons scatt length dens second phase (ho) [10°10cm2) [0 |
Xrays delta+ho squared [10"20 cm-4] 1094
Neutrons deltaho squared [10°20cm-4]  32.96 [ Anomalous calculator I

Ratio Xrays/Neutrons delta tho-squared 3319

E
Use slider to select each element and check it’s properties — amount in molecule, Isotope etc. Input is done
through Periodic system table (push Change element button). To continue, close the table...

®o~  Selectelement

000
mm

ﬁ.r
ﬂ !‘_'r FE .
(Ru)(sr)(v) m Te
E Ta

2".@...@.@@..
(Pa)(u) y

Most of the fields is filled automatically with data from internal databases of this tool. In the lowest part of the
tool are results and intermediate calculations of this tool — so one can obtain various numbers, which needed to
be calculated.

5.3 Use of matrix

To calculate delta-rho squared ... (pmatﬁx—pscanerer)2 ... we need to set scattering length density of matrix. This
can be done in numerous ways:

1 Write the numbers directly in the fields provided
2 Calculate the matrix scattering length densities and use “Set as matrix” button
3 Save matrix data using “Save data” button and then load them as matrix “Load matrix data”

In each case the values for “delta-rho squared” should be recalculated. Note, that if checkbox “Use vacuum as
matrix” is checked, vacuum is used as matrix and no selection for matrix is available...
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5.4 Saving data

This tool has “saving” feature, which allows to save the compound parameters in such way, that it can be used
in the future. The data can be saved either INSIDE the current Igor experiment or OUTSIDE Igor
experiment. Compounds saved outside are available to any Igor experiment on that particular computer. But
experiment moved to another computer will not have these compounds saved...

To select where compounds are saved, use checkbox “Within this experiment(or on the computer)?

Use buttons “Save data” to save current compound, modify name as necessary — keep in mind to keep the
around the name and use characters allowed as file names. Limit name to 27 characters or so (Mac name
limitation).

Use buttons “Load data” to load data in the tool and “Load matrix data” to load data as matrix ONLY...

(133

Comment: Due to rounding related to saving the data in ASCII file, there will be rounding error when using
“Load matrix data” in the “delta-rho squared” calculations...

Button “New compound” will clear all settings in the tool to start creation of the new compound.
New comments on saving the data: From this release the compound data are saved with in the same place
where the Irena macros are stored. This is to allow users of limited privileges to run and operate. See above

comments on macros installation.

5.5 Anomalous calculator

The package includes Cromer-Liberman code for calculating energy-dependent (anomaouls) effects. The button
“Anomalous calculator” on the “Substance editor and Scattering contrast calculator” calls up new window...

Il Anomalous scattering contrast calculator S (=] S|
Anomalous Scattering Contrast Calculator
Select ONE or TWO stored compounds
@ Calculate at single energy (2 Calculate in eneray range
[M Compounds within experiment ? Energy keV: @ Q] D@
A —
X8wtPctYSZ
Thickness ml 07|
anatas_TiO2 brookite_TiO2
Tio,
L
Tio,
0 [e-] 0 0 [e-] 0
f'[e-] 0 f [e-] 0
O+ [e-] 0 f0+f [e-] 0
f [e-] 0 f [e-] 0
MuRho [emg] 0 MuRho [cmg] 0 ]
Mu [1/cm] 0 Mu [1/cm] 0
1/Mu [cm] 0 1/Mu [cm] 0
exp(-Mu*T) 0 exp(-Mu*T) 0
LI f[10*10 cm™-2] 0 f [10*10 cm™-2] 0
f' [10*10 ecm™-2] 0 f' [10°10 cm™-2] 0
[J Second phase is Vacuum Delta Rho Squared [10"20 cm”-4] 0

Use of this tool:

Select one or two compounds created and SAVED in previous (regular scattering contrast calculator). If you
select only one, use vacuum as second phase (checkbox below the selection of compounds). Then select, if you
want to calculate values at one energy or in energy range. Note, that calculating values for large number of
points may take quite a long time.
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To select two compounds hold shift. Then input right thickness and click “Recalculate”. Fill in the Q if you
need values at higher Q values (for small-angle scattering assume Q=0)...

For single energy following appears:

Il Anomalous scattering contrast calculator i = =10] x|
Anomalous Scattering Contrast Calculator
Select ONE or TWO stored compounds
@) Calculate at single energy (O Calculate in energy range
M| e e Energy keVl: ani 19
SwiPctYSZ 1=
L
a 22
Al Thickness [mm] 5
A203 Fe203
anatas_TiO2 a0,
Au nth
Ba Fe,0, [
Be
brookite_Ti02 [
Cu _ [
= 0[e] 999 0 [e] 152
T s f'le-] 007897 fle] -001117 _[
o] o oTle] s C
Graphite £le] 00762 fle] 09087 |
H20 Mu/Rho [em/g] 15.73 Mu/Rho [cm/g] 1198 !
Hf02 Mo [lem] 6292 Mu[lem] 7186 -
Kaolinite KGAL IMuem]  0.01589 1Muem]  0.001392
e exp(Mu*T) 0533 exp(-Mu*T)  0.0007571
Bocnioolkuileg =l [10°0c*2]  33.14 £[10M0cm"2]  47.83
£ [10"0em™2] 02506 £ [10"0em™2] 2362
[ Second phase is Vacuum Delta Rho Squared [10°20 cm™4]  222.45 I

Note, that table on right got filled with all relevant numbers — f ’, f , W, and related values for each compound
separately. Note, that f* and f” are here with two different units as output — in electrons per molecule unit and in
10" cm™. Lowest number is delta-rho squared between the two compounds at this energy...

For range of energies:

File Edit Data Analysis Macros MWindows Panel Misc Help SAS2D SAS

Il Anomalous scattering contrast calculator s : =[O x|
Anomalous Scattering Contrast Calculator
Select ONE or TWO stored conpounds
Q Calculate at singleenergy @ Calculate in Energy range
BwtPetYSZ Al EregystatkeVI 705 9] ol 019
4°f€ EnergyendfkeVl 715 )
air
Al Nurnber of steps in energy: E 4
ALO L o — ;
Al03 Fe203
anatas_TiO2 ALgy
Ba
Be Fe 0y E
brookite_TiO2 T
Er
De
Fe-9Cr-1o [ Diplay? ] [ Sanf’ I [ Swet ]
=
H0 ( Display £' | s s ) —
Hf02 = 5
Disply 4 Save 46 Save 46"
Kaolinits KGAL [ i ) B -
WMontrorilloniteSi [ Diphy Deta Rro squeed | [ Sive Delta Rho squired | —
rutile_TiO2 .
il ghss ([ vgwimimo | ((sminimo | swonimo | w2 [I_
Sn B Displyy 102 ] ((swm [ swum |
[ Second phase is Vacuum -
[ piyepaieny | [ swencaen | [ sweopne |

|
Fill in the range of energies, number of steps you want to calculate (equidistantly spaced between min and max

energies) and other parameters. The push “Recalculate”.
The buttons “Display” create graphs of appropriate parameter, see for example below:
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[ Test - Igor Pro 5.03

Fe Edt Dita Anchss Mooos Windows Graph Misc Hep SAS2D A5

W Anomalous scattering contrast calculator

Anomanlous Scattering Contrast Calculator

=lolx

T8 FDoublePrimeGrph:FDoublePrime_1 FDoublePrime._2

16 -
Select ONEor TWO siored conpowds 144 r

O Cabuele s eneigy @ Calollenenergy ange 124 r
SwiPaiYSL 2 eeguatfer[E 9 0BIT_19 [~ o] L
s vt I8 e |,
5 Nunber f sepsinerergy 218} Bl [
w0 QT s — 7 r
AL03 A3 Fel03 04+ “4H03 b
s Ti02 Ag 024 -Fe203 |
Be f T T T T
Be 0, 706 708 710 21! Tk
brookite_TiO2 Energy ke]
I

=10] |

Fe9Cr-1Mo ( Diglyt ] [ e ] 1 —
Fe03 L
HO ( Diglyt ) () e | -
B = [ vewer ] [Csmsr [ o | a: 9 [
MontrorilonteSi [ ppypmsmosped | [ sebBosqed | EW‘ [
ik 103 (_vwsirmo | (Csoesnimo | [ sotuimo | 3 60+ r
S s g
Sn 3 vowmn ) (oo [ s ) |2 %1 r
n) cum £

[ voyegaren | (Cowenien) ] (smepen | | & 40 r

" & A203us Fe203

T T T
710 12 T.1dkeV

Energy [ke]

T T
706 708

Selectawave iconto see aplot

& A203
- Fe203

T T
710 712
Energy [keV]

T T
708 T1dkeV

Buttons “Save ...” save the wave with the data into Igor folder of users choice. The dialog should be easy to use
and allows user to create new folder, select name for new data etc. Note, the data are saved as waves with so
called “x-scaling”. To learn more read Igor manual.

m Il Select Folder and Wave name to save Delt = ||:||l|
Select Folder and Wave name to save DeltaRhoSq into
lect ONE or Curent Folder: root:Packages ScatteringContrast:
Current Naree: | |
wPet¥SZ +| O Showwaves? [ Strings? [ Variables?
g &
3
1
20
203
atas_TiO2
s | |
vokite Ti02 [ Wersx | [ opmsx |
4 Delite fldr Reniame fldr Cancel Dome/Not Unique 1
] | J [ oo ol J 1
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6. Desmearing

Desmearing routine built in this package is using Lake method (reference), which has been originally
programmed by Pete Jemian and then coded in Igor by me. There were some minor improvements over the
years, but generally this method has proven itself many times to be robust and reliable. We have verified the
function of this method by collecting data from the same sample using both slit-smeared and 2D collimated
USAXS. We have verified this method repeatedly and every time the desmearing was blamed for artifacts and
unexpected results, we have found another reason for problems. That said, desmearing is always going to
increase noise on the data... Note, that the routine will correctly handle data with absolute intensity calibration.

3/10/09 Change in desmearing tool. Per request the tool now allows both slit length (in direction perpendicular
to the q direction) and slit width (in direction parallel with q direction). Further, the slit can now have shape of
trapezoid, similar to what GNOM allows for instrument geometry. PLEASE NOTE: for historical reasons the
parameters for Irena desmearing are /2 of the GNOM parameters.

This is the graph:
2* glit length — 2*slitLengthL
ANNANNANNNNNNNNNNANNNNNNNNNNNNNN
AN AN
AN AN
AN AN

ANANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNAN

2* glit length + 2 * slitLengthLL
same geometry applies for slit width.
Once more, if you have parameters used for GNOM, you have to divide the numbers by .

The GUI changes should be easy. Please note, that :
1. If you set slit length or slit width to 0, you assume infinitely high resolution in that direction.
2. If you set “L” parameter to 0, you assume the shape is rectangular in that direction, not trapezoidal.

6.1 Theory behind the Desmearing Procedure
See the Lake paper.

6.2 Example of the Desmearing Procedure

I have included a file with an example data set with slit smeared data (smeared data.dat) where the slit length
SlitLength=0.05113. You can include this in your experiment using Data import tool...

6.3 Final comment

One major comment — if you need to go back in the routine, anytime you can click on previous tab and return to
that place... All from tabs to the right is forgotten and routine restarts on the tab, where you click. It is also
possible to skip the smoothing tabs without any penalty — note, that if the smoothing parameters are set (the
checkboxes are checked) the data WILL BE smoothed, even when you do not click on the tab...
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@ 1est - Igor Pro 5.03

File Edit Data Analysis Macros Windows Graph Misc Help SAS2D SAS

Wocsmerng RS o v e ot A R
Desmearing control panel T
Experimental data input 0 UglndraZdalasﬂuclure o
REELIEANCRTD Use GRS data structure
et windowr

Select folder with data: | o0t 545 ImportedD ata:'smeared data’ j
Wave with 0 data (_smeared data ¥ L
Wave vith Intensiy data | 1_smeared data :I' il Ll L L L L

Wave with Error data s smeareddata ¥ 106 a3t u i -i--l-+ 3
Desmearing controls 10 . + L
Sitlength [Nall___Jjo] 3
1. Trim', /2. Smooth\ /3. Extiapolate \ /4. Desmear\ /5. Smooth 104 3 + 3
E #‘@F
N 1 i
£ :
8 ]
+ ]
,
10" 3 E
1
10 3 -
Pick eistng oder [~ 3
Save data to: |00t S45:ImportedDatar'smeared data" 1 00 . L
0 wave name: ')_smeared data’_dsm B §

Intensity wave name: |'_smeared data’_dsm gl T T T T T T T T

D 0 -5 -4 -3 -2 -1 0
Error wave name:  ['s_smeared data’ dsm 10 10 10 10 10 10
. A: Orglntwave d X:0.00016441  Y: 18566
B: Orglntwave 3 X: 1.1679 Y:0.39515

This is GUI and graph after loading data. Only thing needed is to fill in the slit length.

The tool is controlled by the tabs. The order which needs to be followed is the tabs from left to right. For each
data set to be desmeared, this procedure must be followed, selecting in sequence the tabs from left to right.

1. First step — trim useable data — small and high Q data... Use cursors to select data range. And then push
button “Trim”. You can also remove any spurious point with the other button and cursor A (the rounded one)
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i Test - Igor Pro 5.03

File Edit Data Analysis Macros Windows Panel Misc Help SAS2D S5AS

PR i e o
Desmearing contm{}mnel Kilwindor
Experimental datainput o] Use Inda2ddasiuctue
p: PUL 3 Use 0RS data stuctue ===
Selectfoldr withdate: | ro0t A data: ¥

Wave with O data 0_smeared data ¥ L
Wave with Intensity data | 1_smeared data ¥ TR
Wave with Error data ﬁd data ¥ q,ﬁ ﬁ%
Desmearing controls 1000
Sitlength [0.05113

1. Tiim', /2 Smooth\ /3. Extrapolate \ /"4 Desmear /5. Smoath\

100

Remowe prt it

Intensity

Pick existing folder: | - v
Save data to: [root SAS:

0 wave name: [ _dsm

Intensity wave name: [ d data_dsm

T T T T T

0.001 0.01 01

Error wave name:  ['s_smeared data’_dsm

B: Orglnbwave

[O & Orgintwave | [ent0 X:000022281__ Y:50328 dX: 0.38985
]k

X:0.38987 V031651 d4Y: 50326

W

2. Next step — it is possible to smooth data using spline smoothing, but only if necessary. I strongly discourage

T o

Desmearing control panel
Experimental data input Duglndvddalawu:lw: F®

4 Use ORS data stuctue. Resewindow

Wave vih Q dala. 0_smeareddata ¥

Wave vith ntensiy deta [ _smeared dta ¥

WavewithErordata [ s_smeareddata v
Desmearing controls

Sitlength (005139} 1000 o

‘Msmooth the data

4 Smosth Smeared data?

—_— 100 -

nomaized ChiSquared eached = 00339883

Intensity

Fick evising flde: | ——~]
Save ddalo 05
Qwave name: il ]
Intensiywave nane: I
Evr wave nae:

0.001 0.01 01

O T oot X ¥ IE3
|mE 1 00| 5% X N2 Jav.

Note the slider and checkbox — the checkbox switches on the smoothing, in that case the slider appears. The
slider controls the internal smoothing parameter - more to the right, more smoothing...
As I said, I discourage this, so let’s remove this in next step.

3. Extrapolating.
In order to properly desmear, I need to smear and that means I need data for at least 1 slit length BEYOND the

last point. Therefore we need to extrapolate the data using one of selection of mathematical functions. Most
useable one is “Power law with flat” and “powerlaw” or “flat”. These data suits best the Powerlaw with flat...
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[Test - 1gor Pro 5.03
Ele Edt Data Andhysis Macros Windows Panel Misc Hep SASZD SAS

JRIR o ek rcions e e |
Desmearing conu‘olfmel
se India 2 data structure. [

i | 0
Experimental data input 9 Use 0FS deasuctae

Select folder with data | root S48 ImportedD ata'smeared data’ ¥

WarewihOdda | O_smeseddsta 7] i

Wavewih enstydola | meaeddta v

WavewihErordda | s_meaeddta v
Desmearing controls

Sitlenghh [T05T12__Ji9) 1000 o

@E
4
¢

/1. Tiim\ /"2 Smooth) /3. Extiapolate’\ /4. Desmear\ /5. Smooth\

‘Start Bokg extrapolation at 0:  [0.00336786

100 o L
backgundfucton: | PoneiLanw s | R ]
g
£
8
Fick st oder [ - v]

P (kA P — 10
LT iR — ]
ntenstywaverene: [[sneaeddgadn ]
Eorwave nane:

ONew O New

1

T vl\\vl T T vlv\vl T T v\lv\\“ VIW T T
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Note the colors: red are the original data, green are the original data used for evaluation of extrapolation
parameters and the dotted blue line is the extrapolated data.

4. Desmearing

MTest - Igor Pro 5.03
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The desmearing can be done in steps — one at a time, 5 at a time, selected number of iterations at once (when
you already know how many iterations are going to be needed), automatically (iterates until average normalized
residual < preset value) or any combination. Also, there are two modes of conversion for Lake method: aka
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“slow” and “fast”. The fast method is overall the best method to use, the “slow” method iterates much slower
and can result in negative number for intensity.. Combination methods — “Combination”, and “Dampen”
attempt to use “fast” method (as main) and reduce formation of noise characteristic for this method. In both
cases normalized residual for each data point is during each iteration compared. For combination method, if the
data point is already estimated to within the user selected precision of input data (normalized residual < User

input value) the point is further dersmeared by “slow” method. For dampened method, if the point is estimated
to normalized residual < 0.5 it is not desmeared anymore at all...

This should reduce some of the noise created at high-q data during larger number of iterations while keeping the
fast convergence of the “fast” method.

Let’s select the “Fast nethod” here, for simplicity.
Do one iteration:

{3 Test - Igor Pro 5.03
File Edt Data Analysis Macros Windows Graph Misc Help S5AS2D SAS
Bl Desmearing I [=[3) | W intensity vs Q plot
Desmearing control panel =
i f [ Use Indra 2 data structure
Experimental data input o Use GRS dots stucture
Select folder with data: | root:SAS:ImportedD atasmeared data’ v |
Wave with § data 0_smeared data ¥
Wave with Intensity data | (_smeared data ¥ M|
WavewihEnordata | s_smeared data = E g
5 A
Desmearing controls
Sitlength [005TT2__ ]9

=lalx|

- 40

E % - 20
/1. Tiim\ /2. Smooth\ /3. Extrapolate\ /4. Desmear’ /5. Smooth\ 3 =
g
® Fast method? — 10° o
O Slow method? - 5
O Combination fast/slow? E —0 3
Swichto sonat = [0 N= B S )
O paret e "3 5
AveNomRes=[05__]©) 7 + Smeared data @
S ] + Current desmeared fit —-20
umoet ot erstians cone: 10° O Standardized residual
Pick esisting folder: [ — User sample name:
Save data to: [foot5AS ImportedDatar smeared dats” o0 _| Used extrapolation function: PowerLaw w flat
- - 1073 Extrapolation starts at Q = 0.0099679 - -40
0 wave name: [Q_smeared data_dsm

Intensity wave name: [_smeared data._dsm

Erorwave name:  ['s_smeared data’_dsm

Explanation: Red/green data are current desmeared data (see above about extrapolation). Crosses are original
data and circles are normalized residuals.

Desmearing should continue until the plot of the residuals becomes featureless with scatter distributed randomly
about z=0 (where z is the standardized residual). Convergence is achieved when the residuals do not readjust to
a significant extent between consecutive desmearing iterations. Acceptable convergence is always at the
judgement of the person doing the desmearing.
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i Test - Igor Pro 5.03

File Edit Data Analysis Macros Windows Panel Misc Help SAS2D SAS
—oix

Desmearing control panel

i f [ Use Indra 2 data structure
Experimental data input o Use ORS data stusturs
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Wave with 0 data W
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<<
B

For many data sets, 10-20 iterations are sufficient. Other data sets (those with more structure in the scattering
curve) may require as many as 50 iterations or more to satisfy the convergence criteria of the user. For this
example data set, this is about where one may end — 10 iterations and most of the circles are within +/- 1. There
are some points at low Q which may need more iterations, due to the use of the combination method. (The fast
method would have resolved this with fewer iterations.)

5. Final smoothing
[ Test - Igor Pro 5.03
Flle Edit Data Analysis Macros Windows Graph Misc Help SAS2D SAS

T o

{Msmooth the desmeared data =10 x|
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Errorwave name:  ['s_smeared data”_dsm
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i A Desmearedintiave [y Plpnt: 3 X:0.00027146__ Y: 8.5662e+05 | dX: 0.36491
] X:0.36518 :0.30237 dY: -8.5552¢+05
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Here one can smooth data... This is probably a better place to smooth, if necessary at all.

6. Save data

Use the bottom part of the GUI panel to save data in folder of your choice. The folder, if it does not exist will be
created.
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7. Unified Fit

7.1 Introduction

Unified fit uses code developed by Greg Beuacage to fit SAS data with levels composed of Guinier part and
power law tail. The code handles various data for which development of exact scatterer model is difficult or
impossible. It can handle some interparticle interference, fractal scatterers etc. For details, please see papers
written by Greg Beuacage or, hopefully, in the future included description.

This is introduction written by Greg for this code:
This fit uses the function described in

http://www.eng.uc.edu/~gbeaucag/PDFPapers/Beaucage?.pdf
http://www.eng.uc.edu/~gbeaucag/PDFPapers/Beaucagel .pdf
http://www.eng.uc.edu/~gbeaucag/PDFPapers/ma970373t.pdf

The basic function is composed of a series of structural levels, each with the possibility to be
a) associated with the previous smaller size level (Rcutoff2 = Rgl in 12highq=B2q™(-p2)exp(-q"2Rg1"2/3) for the power-law region of

2)

b) to follow mass fractal restrictions (calculate B for the mass fractal power law I = B q™\(-p)

¢) to display spherical Correlations (Interference) as described by I(q) = I(q)/(1+p f(q etai)) where p is a packing factor 8 *vH/O for
vH = hard sphere volume and vO is occupied volume and f(q eta) is the sphere amplitude function for spherical Correlations
(Interference)

The intensity from each level is summed and the intensity from one level, i, is given by:
li(q) = Gi exp(-q"2Rgi"2/3) + exp(-q*2Rg(i-1)"2/3)Bi {[erf(q Rgi/sqrt(6))]"3/q}"Pi

This equation includes a) above if Rg(i-1) is the previous smaller Rg e.g. the primary particles from a mass
fractal level. If there is no such dependence Rg(i-1) is set to O or it could be set to an independent size under
unsual circumstances

This equation can include b) if Bi is calculated using Bi = (G df/Rg"df) GammaFun(df/2) and the erf argument
includes kqRgi/sqrt(6) where k is 1.06. The latter can be included or ignored for high dimension mass fractals
but becomes more important for dimensions less than 2.

The equation can include c) by multiplying the entire level li(q) by a function that follows the Born-Green
approximation for Correlations (multiple particle Correlations) and this works well for weak Correlations of any
type but becomes more restricted to spherical Correlations as the Correlations become stronger. The measure of
the strength of the Correlations is the packing factor p = 8 vH/vO as described above and for spherical particles
this value can be 0 (no Corelations) to about 5.92 (calculated for FCC or HCP packing).

The packing factor for FCC is p=8*Vh/Vo = 8*(pi*sqrt(2)/6)=5.92 - this is basically the total volume of
latticepoints in FCC devided by the volume of the lattice (provided to me byone nice Irena user).

If asymmetric particles (rods or sheets) are packing the number can be much higher and the spherical function
becomes less appropriate although it can be used in a pinch for weak Correlations. The interpretation of p and
eta become complicated in these cases. As a general rule etai has to be larger than Rgi as common sense would
dictate. The correlation function follows closely the development of Fournet in Guinier and Fournet and in
Fournet's PhD dissertation where it is better described but is in French...

So the Unified needs to accommodate multiple levels each of which can potentially have 8 parameters
(including spherical Correlations):

Rgi,

Gi,

Pi,

Bi,
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etai,

packi,

RgCOi,k where RCOi is usually Rg(i-1), as shown above, for hierarchical structures (k is 1.06 for mass fractals
and 1 for others)

Each level must also have the answer to at least three questions:

Are there Correlations: qCori.

Is this a Mass Fractal: qMFi.

Does this level terminate at high-q in the next lower level Rg: qPL (PowerLimit) That is, is this a hierarchical
structure build from the previous smaller level. A third option is to let the power law limit float as a free
parameter although this is rarely appropriate.

As Gregg wrote me:
“We have several options for coding the unified function.

a) Write a dedicated code for a specific morphological model where all of the parameters are defined in
terms of the model. We have done this for correlated lamellae, rods, mass-fractals, spheres, correlated spheres,
RPA based polymer blends of arbitrary fractal dimension, polymer gels among others.

b) Write a generic unified code that allows a high degree of flexibility but which is naturally complex.
For cases where you deal with a fairly complex and limited structural model option a) is most appropriate and is
easiest to understand. We can't however write such code for each and every case. Several of our publications
indicate how to go about calculating the unified parameters, for instance for a sheet structure 8 parameters in the
unified equation (for 2 levels) reduce to 3 free parameters, the contrast, thickness and diameter of the sheets.
Similarly rods can be described by 3 parameters the length, diameter and contrast. Correlations in both systems
add 2 other parameters although the spherical correlation function can not be rigorously used except at
extremely weak levels of correlation.”

This code deals with approach b) where only spherical correlations are dealt with but including an optional
mass fractal limitation (strictly limited to linear chains but useful for branched structures in application).

Helpful hint on use of Invariant:
The invariant INV is:
INV = 2*pi®*P(1-D)*Ap:
To use correctly, one needs to convert the Unified provided invariant to cm™ by multiplying by 10**
(from cm™A™ to cm™). ...

Helpful hint on use of Porods law:
The specific surface area S, is:
Sy =B/ 2*pi*Ap
Where B is Porods constant — it is the value you get from Unified fit when P=4. To use correctly, one needs to
convert the Unified provided B to cm™ by multiplying by 10**
(from cm™A™ to cm™). ...

NOTE: from version 1.37 Unified has “Analyze results” tool, which can analyze also Invariant, Porods law and
some other specific cases.

7.2 Running Unified fit macro
Select “SAS” — “Unified fit model”. Following is the screen you should see after initialization:
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800 Unified fit

Unified modeling input panel

Data input ™ Indra 2 data O Model
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( Graph ) Subtract background [0 El
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G (251074 Fl ™ Toa 15964
Rg 453073 [l ™ 206973 | [517.431
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SAS Background 0.11314

Fit using least square fitting ? ( Fit

—————
reset unif?

Results: (_ Store in Data Folder )( Export ASCII ) ( Results to graphs

Analyze Results

In the top part again deselect “Use Indra 2 data structure”, or “Use QRS data structure” or none checkbox and

then select data as seen below and

Test - Igor Pro 5.03

push button graph
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5
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The two graphs which appear show selected data in two different views — top graph is log-log Intensity vs Q
vector, bottom part is Intensity * Q"4 vs Q vector, this represents S(Q) as known from scattering theories.
ALL USER INPUT IS IN THE TOP WINDOW (log-log plot)

Controls above the tabs:

Graph Unified button recalculates model and puts it into the graphs

Update automatically checkbox if any change to model parameters is made, automatically recalculates
(i.e., automatically pushes the button Graph Unified). Uncheck on slow computers.

Display local fits displays local Guinier and Porod fits in the graphs for active tab level
Number of levels select number of levels displayed. Note, that at no time parameters for not

displayed levels are reset, so user can switch between number of displayed (=used) levels freely...

Now, when we have the data we will start building the structures from large Qs...

Select number of level 1, check Update Unified automatically (if used computer is fast enough, else push the
button Graph Unified)...Click on the Tab “1. level”. Following is the screen shot:

M Test - Igor Pro 5.03

File Edit Data Analysis Macros Windows Graph Misc Help SAS2D SAS
W Unified fit : o [=1 ] 7 o [=] 3|
. . MR P n ' .

Unified modeling input panel A ' N + Experimental intensity - 8000
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Use ORS data structure 10 © Standardized residual - BO0D
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Wave with O data O_Test data '[ ””‘””"%.,‘ \ — FitLevellPorod — 4000
5 .
Wave with Intensity data | r_Testdata ¥ 107 -

— 2000

Wave with Error data s_Test data 'I
Graph ] subtract background [T
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Intensity [crn”']
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—-2000
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10" S - -4000
| Level 1 controls Fit?: Low limit: High Limit: ' ERR L

G o 10 gy 0w
L S — 10t G

~— -8000

T — T T
0.001 0.01 . 0.1

[ I this mass fractal from lower level?  Surf/vol[0____ ] QA
B - O [ A: Originalintensity | [ | [ent 0 X:0.00024646 Y. 6.3268e+07
P o B: Originallntensity prt 111 X: 067576 027391

P step EI B step [1
LT [—

kfactor: | 1~ 10'2—

— + Experimental intensity * Q4

[ 15 this corelated system?

-4 _| — Unified Calculated intensity * Q"4 |
1077 - - - FitLevell GuinierlQ4
= —| — FitLevellPorodIQ4 ~
<] 5 et
0T T e -
SAS Background step [ FitBeka? =y B P L
[ Store local (Porod & Guinier] fits? — ee——— =

Results: [ Store inDaa Foldr | [ Bpor ASCT | Results to graphs |

Description of Tab area in the panel:

This area changes according to parameter selection etc. I have tried to put in this as much “smarts” as possible
to help user make right choices, so parameters, which are not applicable at any given time should be invisible...
Anyway, each parameter has most controls grouped on one line — that is current parameter value, checkbox
“Fit” and (if Fit is selected) limits — low and high fitting limits. Further underneath the parameters is parameter
step variable. This changes the step with which given parameter changes when arrows at the end of it’s field are
pushed (up or down). This allows user to “walk” the parameters into their starting condition as best as possible.
There are also buttons for local fits. If checkbox “Is it correlated system” is selected, new parameters appear.
Also screen changes, if the checkbox “Is it mass fractal from lower level” is selected....
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The new red line in the graphs represents the results f the model for default values for level 1. We need to now
make this level to fit the smaller particles Guinier and Power at Q ~ 0.025 A™'. This shoulder is better visible in
the bottom graph. Also we need to include appropriate background...

Change background (under the tabs field) into the 0.1

Select point 77 —86 on the top graph using cursors and check “Fit” checkboxes next to G and Rg. These
parameters will be fitted in between the cursors. Push button “Fit Rg/G bwtn cursors”. Following should be

result:

File Edit Data Analysis Macros Windows Graph Misc Help SAS2D SAS
M Unified fit i B [=] B34 B LogLogPlot

Unified modeling input panel ey

=lolx]
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= _ "m"”»~$‘“‘”‘““*'ton.‘to.~¢00t0‘¢~<' Crgeeessie
R et ” / "
545 Background [TeT6_____]|0] step [Te05_] [ Fit Bekg? z Ha . . L
Fitusing least square fiting ? [ Pt | [ Reenbex | ?_. 10-9 _ . |
O Store local (Porod & Guinier) fits? — e—— £ _ / R L
Results: [ Stre mDaaFoldr | [ EpatAscI | Resultstoguphs | R .

The blue line in the graphs now is the Guinier fit. Next select points 84 to 92 with cursors, check boxes “Fit”
next to B and P and push button “Fit P/B btwn cursors”. Now we get the powerlaw fit on this area:
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B Test - Igor Pro 5.03
File Edit Data Analysis Macros Windows Graph Misc Help SAS2D SAS
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The green line is local fit for the power law dependence. Notice, that this fit is now reasonably good, including
our background estimate.

You can also guess flat background, or check the checkbox “Fit Bckg?”” and let least square fitting (next below)
to estimate best guess for flat background.

Now we can fit the whole Level 1 dependence. Select large range of data (points 77 — 109) and check “Fit” next
to background parameter. Then push the fit button. This runs least square fitting on the data.

Comment:

If the least square fit fails, it should automatically return all values where they were before fitting. If the fit
walks away to solution, which is not right, user can push button “Revert Fit” and parameters are returned back
where they were before fitting.

Only parameters selected to fit (checkbox “Fit” next to them) are fitted — BUT FROM ALL ACTIVE TABS.
Therefore if using more than one level make sure you have selected only appropriate parameters from all levels
you want to vary in this fit. These fits can be highly unstable, if starting conditions are not right.. ..

Ok, level 1 looks fine and the background also. Uncheck all fit boxes in the panel and then select Number of
levels as 2. Click on tab with “2. level”.
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§!:ETest - Igor Pro 5.03
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[ Store local [Porod & Guinier] fits? — ee—
Results: [ StreinDaaFoldr || Epomaschm | Resubstogophs |

i@LugLogPlot

=loix|

'
+ Experimental intensity
—— Unified calculated Intensity

Intensity * Q4

[ Use ORS data structure 10 - O Standardized residual - 201
Select folder with data: | ro0t:54S:ImportedData: Test data v | 5 o, - - - FitLevel2Guinier
10 oo, —— Fif
‘Wave with 0 data I O_Test data vl L FitLevel2Porod
5 -
Wave with Intensity data I 1_Test data 'I 10° 7 100 %
- =
Wave with Error data s_Test data 'I £ 10t oy
— =
Crgh I Subtract background [0 Bl %‘ i E
< —
Unified model input Number of levels: [ 2 ~] £ e §
5 Update Unified automatically? - <
[A Display local (Parod & Guinier) fits? | —-100 =
(T Tmvel /2 Lever /3 Level\ /& Level \ /S Tevel 10
| Level 2contiols Fit?: Low limit: High Limit: )
G O - -200
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I o T
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[ Is this mass fractal from lower level?  Suf/Vol[0_— Qf A-‘]
B |l O A: Originalintensity pnt: 73 X:0.020407 Y 10025 dX: 0.30096
(-
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2 — —=

RgCutoff [100 |l O . él“‘nll‘ . *IQAI” Nl .
g S E + Experimental intensity 2
[T 0 Link RGCCK factor: I 1 j' w0 - Unified Calculated intensity * Qa4 o

—- - - FitLevel2GuinierlQ4
4 _— FitLevel2PorodIQ4

The green and blue lines in at this time represent default values for level 2. If you click now on tab of 1. level,
the blue and green lines will be set for local fits for level 1, if on tab with level 2, they represent local fits for
level2., etc...

Let’s do local fits. Set cursors between points 31 and 48. The default values for the parameters are way to far
from the expected values and the fit may not converge from them, so change G significantly higher (just add
few 0 to make it may be 100 000 or more) and increase the Rg also to some higher number (500 or so). Note,
that the blue fit line moves closer to the measured data. Next push “Fit Rg/G bwtn cursors” button. Fit should
converge to following solution:
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Select folder with data: | root:5A5:ImportedD ata: Test data': j 5 - C  Standardized residual
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10*

s
oot

SAS Background step Fit Bekg? ‘E‘
Fit using least square fitting ? R | Revtbuk | g 10t

[ Store local (Porod & Guinier) fits?
Results: [ st mDaaFolder |[ Epatasch |  Reststogoghs |

Now we need to do something similar for power law dependence. Select points 47 to 63, reduce B to about
0.00001, select “fit” checkboxes there and do Local fit. Following should be the result:
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X ; ; e
O Link ok fector: [ 1 =] 107 = 4 Experimental intensity * G4 T
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10 L L
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[«] s
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SAS Background [0.113232 step Fit Bckg? % - -
Fitusing leastsquare fiting ? [ x| [ Revevax | s 10° L
[ Store local (Porod & Guinier) fits?  e——— = _| |
Results: [ stmmDaaFoudr || EBporascn |  Resulstoguphs | 10" B

Now we can select area with this level only and optimize the parameters of Both Guinier part and Power law
part together:

Select point 31 to 63, make sure that other levels (levell) parameters have deselected checkboxes Fit, and push
fit button. If you get error message that limits are incorrectly selected, check, that starting conditions for that
parameter are between the limits. This is very important...

In this case the reason for error message is the fact, that power law slope starting value is 4.2, which is not
physical. Change that to 4 and fix it by deselecting the Fit checkbox. The do the fit:
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‘ + Experimental intensity ~— —
Use Indra 2 data structur 7 . \
Experimental data input [ Use ndia 2 dta stucture 10 ., N —— Unified calculated Intensity
Select folder with data: root Test data’s ¥ & © Standardized residual

Wave with Intensity data [ Intensty v |
Wave wihOvecdata | Gvector »|
Wave withEnordata | Evor v|
_Grsph |
Unified model input Number oflevels: [ 2~
SR Im Updele Unied auomaticay?

2 Level /m\/mvm\
_ Fit?: Low limit: High Limit:
L e — |
0 i — | EEIEm|
Rostep[T__]|0] Gstep[T___©]  FitRa/G bwin cursors

[ I this mass fractal from lower level?  Surf /Vol

T T
0.001 0.01 01

-
Q vector [A”]

B [[Eesels  |BJ 4 [114857e] [286144e] oo | e X 00016713 V:5.0784e¥05 | 4% 0.0068572

PE____ 190 [prt B3 X:0010728  Y:11253 | dY:-5.0672e+05

- T P
=T T — 1 1

Rallevel1}>RGCO [ Link RGO kfactor: [ 1

2 |
107 = 4+ Experimental intensity * Q4
[ Is this correlated system? ——— Unified Calculated intensity * Q4

10 -
SAS Background [0175433 B step (T2 ] [ FitBeka? -
Fitusing leastsquarefitting ? __ Fit | _ Reveitback | 10° -
Results: (CopytoDatafolder | ExportASCIl | Results to raphs | o [
T 0 L
1n-|2 |

Select awave icon to see a plot T T T

0.001 oo " 01

Q vector [A ]

Active Constraint. _ Desired: K1<4.2 Achieved: KI=4.

y= IR1_PowerLawFit(New_FitCoeficients,x)
New_FitCoefficients={5.7229¢-06 4.2}
V_chisg= 35.8359; V_npnts= 17, V_numNaNs= 0; ¥_numINFs=0;
W_sigma={6.61e-07 0.0134}
Coefficient values + one standard deviation

Prefactor ~ =57229¢-06 +6.61e-07

Slope. =42+00134

And now is the time to broaden the data range and fit both levels together. It is not necessary to fit background,
but should not hurt... Select points 31 to 103, check all parameters for level 1 and level 2 to fit and then fit.

Note, that in this case (this was mixture of two powders) the right setting for Level 2 (large particles) RgCutoff
(RGCO) parameter is 0, since the scattering from these large particles extends to even largest Qs. Therefore, to
get good fit one needs to set RGCO to 0 and rerun the fit. Some modification of starting conditions may be

necessary (I had to set B for level 2 to lower number to get stable solution). But one can get really good
solution:
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Last part, which may needed to be solved is the power law tail at smallest Qs from something large. To do so,
we can use trick of this method — create population, which has really large Rg, but G is 0, This removes
effectively Guinier area from the calculations. Then we are left with power law only. To do so, create level 3
and select the tab with level 3. Set G to 0 and Rg is automatically set to 1 * 10'°. Now we need to fix only the
powerlaw part. This is best done by modifying the B and P manually... A good guess clearly is about 3*107 for
B and P roughly 4.
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[ Link RGCOk factor : I 1 :'l 107 = + Experimental intensity * Q4 B
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Now select wide range of Q’s — points 103, select parameters to fit (possibly all, but that will take longer) and
make sure the limits (especially for level 3!!!) are set correctly. Note, that Level 3 Guinier parameters should
not be fitted! Then push button fit.

And we receive nice solution:
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notice the standardized residuals in the top graphs are reasonable for all Q’s suggesting that we have right
number of levels. It may be possible to improve the fit by including some correlations — the powder could have
been compacted quite a bit, but I leave that to user to figure out more...

7.3 Correlations

If interparticle interference is not negligible, then for reasonably weak interferences the code has built in simple
model for modeling those. This is simple model which is realistically valid only for gasses and is only
approximation. For details see for example .....

User should be aware of the crudeness of these calculations.

The code used for calculations involves correcting intensity from a level using this formula:

Intensitywith interfernce(Q, R) =Intensitywithout interference * (1+pack® SphereAmplitude(Q, Eta))

Where the pack and Eta are the two parameters of this model.

Note, that this is supposed to be valid for spheres. I am working on adding other methods for other
arrangements of particles.

Remember: this method accounts in very crude way ONLY for interaction for particles in the particular
population. If there are interactions among particles from different populations — which is very likely — these
calculations have NO WAY to account for it.
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Results: | StoreinDuaFolder || Epotascnm |  Resubstognphs |

—

terminated by the time we reach the lower level Rg.

When checkbox is selected for correlations,
new windows appear — ETA (distance
between the layers) and Pack (fill of the first
layer). Smaller the Pack, less interference.
The ETA should not ever bee smaller than
size of particles, and actually should be
larger...

7.4 RgCo again — main warning

My experience has shown, that one of the
least understood parameters of the whole
Unified fit seems to be RgCo parameter.
Here is more details on this parameter:

If you look in the formulas and what
this parameter actually does, you will see,
that it terminates very steeply scattering
form given population by the time the one
reaches Q ~ RgCo. Therefore the level
becomes unimportant at q higher than
equivalent of RgCo.

There are two cases when one needs
this parameter and both relate to case when
higher level and next lower level represent
scattering from the same volume of
materials.

1. Scattering from particles having
two main dimensions — such as
rods, disks etc. In this case the
form factor (see the pdf list of
form factors) exhibits two
Guinier regions connected by
relatively shallow power law
slope. After the higher-q Guinier
are the terminal slope is Q™. In
order to be able to describe this
type of behavior the higher level
power law scattering MUST be

2. Scattering from fractals which exhibit more than one characteristic dimension in the measured Q
range. The argument here is VERY similar. Imagine fractal measured over such q range, that one
can see the fractal behavior (higher level) but also time when you can see the primary particles. This

very much resembles the case 1, except it is less clear.

My general simplistic rule is, that if the two levels represent scattering FROM ONE POPULATION
(VOLUME) OF PARTICLES then the RgCO must be set, if these are different populations (having their own
volumes) then the scattering is additive and RgCO should be set ot 0 for both of the levels.

7.5 Output from Unified

Result scan be either copied back to folder where the data came from, exported as ASCII, or little macro will
include for each level text box in both of the graphs. User than can modify fonts/size etc and print. I need to

make this later more user friendly to give more flexibility...
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Further the data can be exported into Excel table using “Export to XLS file panel”. This macro was written by
Greg Beaucage and I need to learn myself little bit better what it does. But it allows output results into
spreadsheet for publication.

Use the buttons at the bottom of the panel.

Copy to Data folder

If checkbox “Store Local (Porod & Guinier) fits?” is selected, then saved are not only final fits but also all local
fits too.. This creates large number of waves, but provides separated outputs for various levels — allowing to use
these data for further separate analysis. ..

After pushing the button user gets input dialog:

Copy data back to folder comment 21 x|

Maodify comment to be included with these results
BLInified Fit results from Thu, Sep 12, 2002 11:51:43 AMp

Coce_| oo

In which any useful comment can be inserted (modify default). Note the quotes. They have to be there...

Then program saves following waves in the folder with original data:

UnifiedFitIntensity 0

UnifiedFitQvector 0

The 0 is generation number. User can save large number of solutions, with increasing XX where XX is
number. When Unified is run on data in folder, where Unified solution exists, user can recover any present
solution — all parameters are put back in the panel, this allows user to quickly return back to previously saved
solution, whit out need for recording the results.

All Unified fit parameters are saved in the wave notes of the above listed waves. This list is quite extensive and
hopefully the names are descriptive enough. User can interrogate them either in data browser or using Igor built
in tools (read functions “note”, and “StringByKey” resp “NumberByKey” manual)...

This is the example of the list in this case:

IgorExperimentName=Test case example; DataFolderinigor=root:'Test data':; DistributionTypeModelled=Number

distribution; NumberOfModelledDistributions=2;SASBackground=0.12257,Dist1ShapeModel=sphere;Dist1ScatShapeParaml=1,Dis
tiScatShapeParam2=1,;DistlScatShapeParam3=1,;Dist1DistributionType=LogNormal, Dist1 Formula=P(x)=(1/((x-
loc)*scale*sqrt(2*pi)) * exp(-In((x-

loc)/scale)”2/(2*shape”2)),; Distl NegligibleFraction=0.01,;Dist1 VolFraction=0.0024333, Dist1 Location=21.79;Dist1Scale=87.731;Di
st1Shape=0.5,DistlVolFractionError=8.698e-

05, DistlLocationError=16.734,DistlScaleError=>5.8733;Dist1ShapeError=0;Dist2ShapeModel=sphere; Dist2ScatShapeParaml=1;
Dist2ScatShapeParam2=1;Dist2ScatShapeParam3=1,Dist2 DistributionType=LogNormal; Dist2Formula=P(x)=(1/((x-
loc)*scale*sqrt(2*pi)) * exp(-In((x-

loc)/scale)"2/(2*shape”2)),; Dist2NegligibleFraction=0.01,;Dist2VolFraction=0.047415;Dist2Location=608.88,Dist2Scale=538.71,Di
st2Shape=0.5,Dist2VolFractionError=0.00026279, Dist2LocationError=13.656, Dist2ScaleError=7.249,; Dist2ShapeError=0,; UsersC
omment=Result from Modeling Thu, Sep 12, 2002 1:20:06 PM; Wname=ModelingQvector 0,;Units=A-1;

Export ASCII

This exports ASCII file with all the fitting parameters from Unified model (whole wave note from the results
waves) and Q and Measured intensity, Error estimates and Unified fit intensity.

Results to graph

This includes results in the graphs in text boxes:
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TooT =01 0.1
[ Is this mass fractal from lower level? Surf /Yol Q vector [A"]
B [7.69493e-05 Bl & [e0s ] [[0000 ] [[O A Odginalintensity X:0.00024646 Y 6.3268e+07 | dX: 0.2600
B: Origi i X 0.26115 V011574 dY: -5.32682+07

P [32335% el [ete] [E2 ]
P step [1 B Bstep[T B Fit P/B bwtn cursors I ™1Q4_Q_Plot
RgCutoff O

1) ; = 2|
IRl o FIEID O Link RGCO kfactor: | 1 = 107 = + Experimental intensity * Qa4 .
O Is this correlated system? ——— Unified Calculated intensity * Q~4 g
g
= 10t e
5 B i e ey Aascmsemssenai
s - e Unified Fit for level 1
& 10 :,...w-"’””‘w G=33322 53749
. Rg=72274[A 23487
. ? * g [4]
SAS Background [0.107834 ] step [1e-06_| [ Fit Beka? = : .\ B2 000014330 00045557
Fit using least square fitting ? Fit | Revert back | @ |Unified Fit for level 3 P=1 17.905
| | | 2 g=01 IDD[A] 0 RgCO =0[4] 0,K=1
Results:  Copy to Data folder Export ASCII Results to graphs | — g=let - - =145 Background = 0.10789  (fixe
B =7.6949¢-05 1.9546e-05 Inified Fit for level 2 variant [?m"(— 1) AY3)] = 0.5001%49
= C < P = 32996 0027179 F=82908e+05 16457
RgCO=100[4] O0,K=1 tg=68329[A] 44213 —
Invariant [em™(-1) AY-3)] = 00014797 ) = 225105 3.4697¢-06 -
———rr = = 3.3648 0031243 ] T
RgCO=0[A] 0,K=1
1 0.001 Invariant [em™(-1) A7(-3)] = 0.00367 0.1
e I VECTUT [A |

Note, that only selected, applicable parameters for each level are included in the text boxes... The text boxes
can be formatted (double click on the text box) to suit user output. But note, that the text boxes get redrawn (and
therefore reset to default) next time user pushes the “Results to graph” button.

Export to XLS file panel

This macro should output data in the table which can be loaded by spread sheet type program (Excel). Macro
creates panel with buttons and walks user through steps needed to add data to the notebook in Igor, which then
can be saves as text file and imported to other programs.

7.6 Analyze results

Some specifc cases can be analyzed further using Unified method. These are :
Invariant

Porod’s law

And special cases publisched by Greg beaucage of:

Size distribution and Branched polymers.

All of these can be from version 1.37 analyzed by using “Analyze results” tool. It can be called from the bottom
of the Unified main panel.

Usage:
Open the tool from the Unified panel (at the bottom):
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e OO Unified fit data evaluation - N.Yele Unified fit data evaluation I
Special Case Data analysis Special Case Data analysis !
using Unified Fit results using Unified Fit results |
® Current Unified Fit () Stored Unified Fit results (O Current Unified Fit (® Stored Unified Fit results i
Data folder: root:USAXS:'11_05_Amanda':'S12_Am6 PCP-W A:
Wave with Y axis data | UnifiedFitintensity_0 |+
Model: ﬂ Level: \ﬂ Model: \ﬂ Level: ﬂ
( Print to Unified Fit Graph ) ( Print to top Graph )
Print to history ) ( Print to LogBook ) ( Print to history ) ( Print to LogBook ) L

There are two options which data can be analyzed...
Current Unified data in the Unified fit tool. This is selected in the left figure above.

Unified results saved to any folder in the Igor experiment. This is selected in the right figure above. Note, that
in this case user needs to select folder which contains unified results as well as UnifiedFitIntensity X, where X
is number of the Unified results “generation” (remember, there may be many generations of results there). Note
that this can be quite messy, if you do not know which generation to pick... The data for analysis are picked

from the wave note of the selected wave.

Then one can pick models:

Invariant
e Unified fit data evaluation

Special Case Data analysis
using Unified Fit results

(O Current Unified Fit ® Stored Unified Fit results

Data folder: \root:USAXS:'11_05_Amanda".'S12_Am6 PCP-W /

Wave with Y axis data |UnifiedFitintensity_0 T]

Model: Invariant ' ¥ Level: (1 %
Invariant value [cm”-4] 1.1861e+20
Contrast [10°20 cm™-4] 100 v

Volume of the phase [fract]  0.000600885

p

Print to top Graph

. - \ s N\
Print to history ) ( Print to LogBook
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You need to pick also level for which to calculate the invariant. The invariant value is in the top field, user can
input contrast value (if known) and if the data were absolutely calibrated and the contrast is known, the tool
calculates the volume fraction of the phase.

Porods law
e NN Unified fit data evaluation

]

Special Case Data analysis
using Unified Fit results
() Current Unified Fit (® stored Unified Fit results

|
|
Data folder; root:USAXS:'11_05_Amanda"'S12_Am6 PCP-W AJ

Wave with Y axis data | UnifiedFitintensity_0 ﬂ

Model: | Porods Law ' & Level: (1 14
Porod constant [cm”-1 A"-4] 4.7235e-06

Power law (Porods) slope 4

KL

Contrast [10°20 cm™-4] 100

Specific surface area [cm”2/cm”3]  7517.68

Print to top Graph

Print to history ) ( Print to LogBook

This will provide results ONLY, if the P for selected level is close to 4 (3.96 — 4.04). In that case, the tool
provides Porod constant, P and calculates specific surface area — if the scattering contrast is provided. You need
to have data absolutely calibrated.

Branched mass fractal
e Unified fit data evaluation

Special Case Data analysis
using Unified Fit results

() Current Unified Fit ® stored Unified Fit results

Data folder: root:USAXS:'11_05_Amanda"'S12_Am6 PCP-W A

Wave with Y axis data  UnifiedFitintensity_0 ﬂ
Model: |Branched mass fractal B Level: (2/1 149

G2= 63649 Rg2 [A]= 31269

B2= 4.5286e-06 P2 = 3.0345

The mass fractal is too polydisperse to analyse, ¢ < |

[

dmin= 3.23756 c= 0.937281
z= 25351.1 fBr= -0.971052
M= 0.999096

)

Ref: Beaucage Phys.Rev.E(2004) 70(3) p10
Ref: Beaucage Biophys.J.(2008) 95(2) p503

:/ \v

Print to top Graph

Print to history ) ( Print to LogBook
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Ok, this tool requires users to read the references. The code was provided by Greg Beaucage and provides
results as expected. But I am not clear on what these numbers really mean. Any way, the references are on the
panel itself.

Note, that when the calculations fail, the tool beeps and prints error message in the red box.

Note, to calculate all of the parameters, you need two levels — so there are choices like 2/1 (1 would be primary
particles, 2 would be the mass fractal). But you can also calculate some parameters from only one level (dmin
and c) and if you select only one level, parameters, which cannot be calculated, will be set to NaN.

§ize distribution
e O Unified fit data evaluation ]

Special Case Data analysis
using Unified Fit results

; Current Unified Fit @ Stored Unified Fit results t

Data folder: root:USAXS:'11_05_Amanda":'S12_Am6 PCP-W A

Wave with Y axis data |UnifiedFitintensity_0 ﬂ

Model: | Size distribution T} Level: |1 ?
G= 25107 ‘ Rg [A]= 45307 ‘
B= 4.7235¢-06 ' P =4

Geom Sigma = 0363765 | Geom mean = 23.164
Polydisp indx = 489345 Sauter Mean Dia = NaN

Ref: Beaucage. Kammler and Pratsinis, J.Appl.Crystal. (2004) 37 p523

Print to top Graph ) ( Display Dist.

Print to history - Print to LogBook

In this case, parameters from one level can be used to calculate log-normal size distribution for the particles —
which assumes the P is close to 4 (Porods law). The details are in the manuscript referenced on the panel.
Please, read it.

Outputs of this tool:

User can get following outputs, using the buttons:

Print results to history area in Igor experiment. For example here is the results from the above Size distribution
tool:

sk sk sk sk sk sfe sk sk sk sk sk sk sk skoskoskokok Results for SiZC dsitribution analysis frOm Unlﬁed fit sk sk sk sk sk sk sk sk sk sk sk sk sk skoskokoskokosk sk kokoskokokokk
User Data Name : 'S12_ Am6 PCP-W A’
Date/time : Analyzed using Unified Fit results from Sun, Feb 21,2010 7:19:12 PM
Folder name : root:USAXS:'11 05 Amanda":'S12_ Am6 PCP-W A"
Intensity name : UnifiedFitIntensity 0
Q vector name : UnifiedFitQvector 0
Error name : ---

Selected level : 1
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G/Rg/B/P  2.5107 45307 4.7235e-06 4
Geom. sigma : 0.36376
Geom mean : 23.164
Polydispersity index : 4.8935
Sauter mean diameter : NaN
Reference : Beaucage, Kammler and Pratsinis, J.Appl.Crystal. (2004) 37 p523

s sk sk sk sk sk sk sk sk sfe sk sk sk sk sk sk sk sk sieske sk sk skeske sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk st sk sk sk st sk sk sk stk sk sk stk sk sk skl sk sk stk sk sk skeosieoske sk st ksl sk stesieoske sk sk ik sk skeokosk sk skokok sk skokokosk skokosk sk

Print the same results into the Irena log. Remember, this is the log book (Igor “notebook” which manuy Irena
tools save record of what is happening to.

Print textbox with the results to top (or Unified) graph. This is example of record for the Size distribution:
¢

Size dsitribution analysis using Unified fit results N'q

User Data Name :'S12_Am6 PCP-W A

Selected level - 1

G/Rg/B/P 25107 45307 4.7235¢-06 4

Geom. sigma : 036376

Geom mean : 23.164

Polydispersity index - 4.8935

Sauter mean diameter : NaN

Reference : Beaucage, Kammler and Pratsinis, J.Appl Crystal. (2004) 37 p523

And for size distribution ONLY ... Display distribution. This will calculate the log normal distribution for the

parameters obtained.
Unifed Log Normal Size distribution

Radius min [A]: '5.() 4 Leve 1 Volume fraction: '()A 100
Radius max [A]:  187.9 ( Save SD
_ | | |
o [\ '." I‘". —— Number Distribution
— YR — Volume Distribution
50x10 [ \ a
| \ I~ 3.0x10
I\ \
| | \
wd ]
- | \ -
—: || \ 2.5 § H
o [ ] \ 5
§ [ l', ®
= | | \ (=}
— ‘ \ — 2.0 @
5 304 || | | =
2 [ \ S
2 | \ =
2 | \ o
% ' a| “ \ —15 =
s 1 1 | \ 3
é 20 [ “ 5°
[ \ =
E , , — 1.0 »°
| | ‘ \ —
I \
104 || ‘
[ \ — 0.5
I'I '\\\
/ \_~
0=« - | I 0.0
50 100 150

Radius [A]

User may need to change the Radius min and Max values (my code to guess these seems to fail miserably in
some cases). The graphs shows which level was analyzed and enables user input of volume of the total volume
of the particles in this size distribution. This is basically absolute scaling, as it looks like Greg Beaucage never
worked out details of using absolute calibration of the data themselves. If this becomes important, I may be able
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to develop the math myself. You can use for now for example value from invariant (which would be my choice
for code anyway).

You can also save size distribution as waves for future euse (these waves are recognized as “results” in irena
package now. You will get report in history area:

skoskoskok ko

Saved Unified size analysis data to : root:USAXS:'11 05 Amanda':'S12 Am6 PCP-W A"
waves :

UnifSizeDistRadius 1

UnifSizeDistVolumeDist 1

UnifSizeDistNumberDist 1
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8. Modeling | (standard models)

This program allows user to create up to 5 populations of scatterers and combine small-angle scattering from
them to compare with measured data. Fitting and optimization: Parameters can be least square fitted to
measured data. From version 2.15 second optimization method is available — “Genetic optimization”. See
comments on Genetic optimization in the introduction.

Each population have it’s own shape, distribution type, size, contrast, etc. Common selections only are which
type of distribution probability is modeled — number distribution of volume distribution.

8.1 Details on Standard models mathematics:

What the macros do:

The macros model small angle scattering (SAS) using basic SAS formula:

200 2
1(Q) = |AP| f |F Q,r )| V*(r)NP(r)dr , where Ap is contrast, F(Q,r) is scattering form factor, V(r) is the particle
0

volume, N is the total number of scattering particles, I1(r) is the probability of occurrence of scatterer at size of
r. This formula is, of course, replaced by summation formula with limited number of bins in radii. Therefore the
formula coded in is following:

10) = ap” SIF @AV (INTI(Ar

This formula has been coded very many times... Following are comments, which address specific parts of this
formula.

Summary of features:

1. Use of SAS data from Indra 2 data structure, QRS data structure — or any other data structure (need Q
vector, intensity, error).

2. Allows creation of “model” only — does not require input data anymore (creates q values in user defined
range)

3. Up to 5 customizable distributions of scatterers, each with it’s own scattering contrast, particle shape,
size distribution model, etc.

4. Three different distribution models available — Gauss (Normal), Log-Normal, and LSW (Lifshitz-
Slyozov-Wagner used in precipitation theory involving Ostwald Ripening).

5. Automatic selection of radius distributions — ranges needed, bin widths etc. — with user selectable
precision and number of steps.

6. Easy control of all parameters in one panel

7. Immediate comparison with the measured data in one graph in Intensity-vs-Q (log-log) plot and in
Intensity*Q*-vs-Q plot.

8. Independent graph for distributions of scatterers.

9. Fitting routine for parameters...

10. Automatic recording routine for parameters before and after fitting

11. Number of available form factors. Note, that it is relatively easy to add other shapes in the code, so if
anyone needs (really needs) another shape, let me know... Note, that calculation speed of different form
factors varies significantly depending on calculations needed to calculate involved integrals.
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8.2 Interference

This code includes simple and very crude interaction calculation, which can be independently switched on or
off for each population of the scatterers. User should be aware of the crudeness of these calculations.
The code used for calculations involves correcting intensity from a population of scatterers using this formula:

Intensitywith interfernce(Q, R) =Intensitywithout interference * (1+pack™® Sphere Amplitude(Q, Eta))

Where the pack and Eta are the two parameters of this model.

Note, that this is supposed to be valid for spheres. I am working on adding other methods for other
arrangements of particles.

Remember: this method accounts in very crude way ONLY for interaction for particles in the particular
population. If there are interactions among particles from different populations — which is very likely — these
calculations have NO WAY to account for it.

8.3 Important Information

The code uses for all size related parameters Angstroems (10" m) or for Q vector (A™). In the case of scattering
contrast, number distribution and any other volume contents centimeters (1072 m).
This code uses everywhere Radius for scatterer size.

Distribution ¥(r) and V(r)* ¥(r) and distribution of r.

The code can work with distribution defined as for number distribution N*W(r), where integral over W(r) for all
ris 1 and N is total number of scatterers or for volume distribution Vi *W¥(r), where integral over this term is
equal total volume of scatterers. Internally, the code actually always works with number distributions (N*W¥(r)),
which, in the second case is calculated from the total volume of scatterers.

There are currently 3 different distributions built in the code, which can be used independently for any of up to
5 scatterers populations: Gauss (normal), Log-Normal, and LSW.

Gauss and Log-Normal distribution definitions were adopted from NIST engineering statistics handbook,
www.itl.nist.gov/div898/handbook/eda . See http://www.itl.nist.gov/div898/handbook/eda/section3/eda366.htm
Standard complicated log-normal distribution is defined as follows (Allen, A.J., Krueger, S., Skandan, G., Long, G.G.,

Hahn, H., Kerch, H.M., Parker, J.C. and Ali, M.N. (1996). J. Am. Ceram. Soc. 79, 1201-1212., Filliben, J.J. (2006). Exploratory Data
Analysis, in NIST/SEMATECH e-Handbook of Statistical Methods, edited by C. Croarkin and P. Tobias, p. 1.3.6.6.9, available online

at http://www.itl.nist.gov/div898/handbook/. Gaithersburg, MD: NIST.):

.
_lin D-D JMIN
1 D -D.
IIIJ- ( D) = ¢ JTOTAL - D D eXp JMED JMIN
=14 271n D yiep = D i ~ UMIN 21nl D jvigp = D jiy
JMODE D JMIN D JMODE — D JMIN

The NIST definition is modified to be more elegant and parameters used by Irena package are as follows:
"Min" = Dmin

"Mean" = (Dmed - Dmin)

"Sdev" = sigma = In((Dmed-Dmin)/(Dmode-Dmin))
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The LSW distribution has been accepted from a source by J. Nasser, A. K. Kuruvilla, and J. E. Smith Jr. These
authors in their manuscript on the web
(www.space.gc.ca/science/space_science/paper_reports/spacebound97/materials_sciece/....) refer to
distribution by Lifshitz, Slyozlov, and Wagner:
p*exp(-—F )
81 1.5-p
Y(r)=— —,p<15

23 (1.5-0)*(3+p)°
This is the particle size distribution predicted by LSW in their theory of Ostwald Ripening.

Each distribution in this type of problems needs an appropriate selection of radial bins. Appropriate selection is
actually problem — too many bins cause too long calculation times, narrow range of radii causes some
significant volume of scatterers to be neglected, etc. In this code I take a different approach, which is important
to explain properly:

For each distribution I create cumulative distribution (if exists using formula, if not numerically). Using user
input value I select range of radii in which the value for cumulative distribution is between this value and (1-this
value). This causes, that only the tails, for which the cumulative probability is below the user selected value are
neglected, giving user full control of the precision in which we/she wants to model the data. Then radial bins are
calculated, so their spacing for cumulative probability is the same. This causes that the bins have varying width
— are narrowest around the areas, where probability function changes fast and wider in the tails. This should
provide the best possible method for using the binning method, I hope...

All of the code handles bins of varying width...

F(Q,r) problem — applicable ONLY to integrated spheroid

For the case of integrated spheroids ONLY - rarely addressed problem is related to usual method of
calculation of F(Q,r), independent of selected particle shape. In usual method of modeling — using bins this
problem is usually neglected. Standard method is to take for radius the center point of the bin, and calculate
F(Q,r) for this point. However, this may be very incorrect - the F(Q,r) is a strong function of Q*r (with period
of pi). Through the Q range and size range studied, the number of periods in pi within the bin width * Q varies
strongly. Taking just center of the bin for calculating F(Q,r) results in nearly random selection of the r for this
calculation and can result in significant error. Calculated value may be very far from average F(Q,r) value,
which we should properly used.

In case of data from USAXS instrument we at least have no problem with definition of Q — the Q resolution is
very high, otherwise we would have to worry about the Q variation within the Q point - smearing...

Anyway, to avoid problems with the oscillatory behavior of the F(Qr) the code takes at least 3 — and maximum
61 F(Qr) values within the bin in radius (at least start, middle and end of the radius bin point), linearly
distributed in the bin, multiply them by appropriate V(r) and then average the result. The number of points
within the bin is obtained as floor(3+abs((10*(QRMax-QRMin)/pi))), with maximum being 61.

This causes significant increase in the calculation time... Keep this in mind.

--- end of part valid ONLY for spheroids

The above does not apply for other shapes — globs by definition do not exhibit this problem and I have not
included this complication for other shapes. The standard spheroid also do not have this included — if you want
to use this integration method, use even for spheres “integrated spheroid” and aspect ratio 1.
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Select “Modeling I’ from “SAS” menu. This brings up control panel. Select available data set, “Graph”, and
select 1 distribution as number of distributions. Also check “Update graphs automatically”:

i rena manual LSQF2_1data set - Igor Pro 5.05A Al IR0 =3 ] 3
File Edit Data Analysis Macros Windows Graph Misc Help SAS
: M [=]R5M ¥ LogLogPlot =] 3]
. . ot 111l L Lol L Lol L PR
SAS modeling input panel w = + Expenmentalintensity |-
et % ggrg lf;aaza [ Model — ] Mx% — Model calculated Intensity -
Data folder: l root:SAS:ImportedData: Test data” j § 10° ] "’\_‘_k» ~
= -
Wave with Xaxis data | Q_Test data 'I e 7 r
s 10 - ~
Wave with Y axis data | R_Test data 'I = o] il
10 -
Wave with Emror data I S_Test data 'I s C
10 ——ry ——
@ smeared?
L == 0.001 001 _ .
. . Number of distributions - | 1 vl root: SAS: ImportedData: Test data™'R_Test data’ Q [A' ] Thursday, Aug 31, 2008, 1:09:38 PM
Modeling input A: Originalintensity | I X:0.00024646 Y- 6.2268e+07 | oX: 0.67562
Q USE| Number (N(d)) dist? % Use Volume (V(d)) dist? B: Originalintensity | pnt: 111 X 087578 Y- 0.27391 | oY: -6.22682+07
: Display N(d)? Display V(d)? =
[4 Update araphs automatically? O Inteference? i [=]
/T D\ / Second D\ / Third Dt / Fourth D\ / Tt D) .+.E......|“.t ..ty ;1’\4. Ll L Ly L
~ e xperimental intensity * ===
Shape [ sphewid ] CS::’“‘ “m““‘f] . 10° o — Model Calculated intensity  0*4 =" L
_ ' erer volume fract]: 3 . : R B
Disttype : [ LogNomal ¥]  Neglecttaildistfractions [00T |5} || S 10 7] e aaa: -
Number of bins in distribution [50_][6)] g 107 T -
@ - -
|P¢<)=(1/(¢(-Min)‘Mean‘sqﬁ(2'pi))‘ao(h(k-Mean)/sdeV)"ﬂ(Z'sdeV“Z)) = 107 -
Mnsee 19} sep B0 [|D2 e =TT | 4] -
Dist. median = [T00.0 ] ey ————rrr . —_—
Mean size [T00__J[8} step Dist.mean = [109.8 ! ' '
Sdeviation step Dist. FWHM = [571 ] oot 001 01 I
Limits for fitting IR1_Model_Distributions . =10l x|
< volume < ™ Fit Volume? . . . R , A <
[ Fit min. size? - Distrbuton L 400x105
on @
< Mean size < [M Fit mean size? Distribution 2 %
< Sdeviation < [4 Fit Sdev.? i I - 300 :
Distribution 4 =3
[ Fit Bckg? - Lines - volume distributions — 200 3
SAS Background 0 I st[ep 0 ]I [ 2 ] Bars - number distributions é
Fit using least square fitting ? Fit Revert it ] 100 = -
/ gu -
Results: [ StominDasFoléer | [ Expomascm | g
H s e 7 & (')0 2 3 —
r !
IReady I D

Top graph is log-log plot of Intensity vs Q, lower plot is Intensity * Q"4 vs Qvector (=S(Q) as known from
scattering theory).
This is default distribution for distribution 1. Shape is spheres (spheroid with aspect ratio 1).

Distribution type is Log-normal (other options: Gaussien and LSW).

If the distribution parameters seem unusual, the formula used is posted above the parameters. Values for
contrast, volume fraction of scatterers (0.05 = 5%) and number of bins in distribution are quite clear in their
meaning.

Parameter “Neglect tail dist fraction” is more complex... When I create the distribution according to
parameters user provides, firs I find the middle of the distribution (maximum). To create cumulative distribution
and use that to distribute bins so the change in cumulative distribution in each bin is the same. However, there is
need to terminate the binning at some minimum and maximum size. To do so I need to know, what amount of
cumulative distribution user is willing to neglect. So if this parameter is set to 0.1, then binning in radii
(diameters) is done so there is less than 1% probability for radii (diameters) smaller than smallest bin size and
less than 1% probability that it is larger than largest bin size. This is necessary, since the Gaussian and Log-
Normal distributions used here are unlimited.

Parameters Dist mode, median, mean and FWHM (full width at half max) are calculated numerically for user to
provide some sensible information on the probability distributions. They cannot be changed.
© Jan Ilavsky, 2009 69



Irena manual, version 2.37, February 2010

Parameters used in the distribution formula can be modified and fitted. Modify them to fit the Guinier area of
the smaller particles. Note solution below, which is not bad starting point. Note input range by selecting data
with cursors in the TOP graph (log intensity vs log Q). Now select area between points 69 and 100 (only top
graph can be used for input!!!) and check Fit Volume, Fit min. size, Fit Mean size, Fit Background checkboxes
(Fit Sdeviation causes significant instabilities, so use sparingly). Check limits (FitVolume lower limit may need
to be decreased, for example).

File Edit Data Analysis Macros Windows Panel Misc Help SAS2D SAS

Ml Standard models and LSQ fitting : i =] B3] | ™ LogLogPlok - 10f x|
4 5 Ll L L i ) ;
SAS modeljng ;npufpanel ; P + Experimentalintensity T g
A g O Use Indra 2 data structure 10 . — Model calculated Intensity @
Experimental data input g
P P Use ORS data stucture | +— sl \%‘\ O Standardized residual [~ 04 3
Select folder with data: I root:SAS:ImportedD ata:'Test data” Ll g. i : «._\\» - - 02 §
N
Wave with Q data m g 1w e AT TS TTTTTTTTTTTT -00 =
@ — --02 3
Wave with Intensity data I _Test data 'I E 10" -0.4 %
- [
‘Wave with Error data I s_Test data 'I 10" ] 06 =
— T — T T T
0.001 0.01 . 0.1
IR tibutions: | 1= QK
Modeling input Number of distributions: | 1« 5 _ _
A Originalintensity pnt: 76 X:0.025114 Y: 47 .906 dX:0.20918
Q UE Number (N(d)) dist? % Use Volume V(d]) dist? IF] B: Originalintensity { [ I pnt: 102 X: 023428 V011553 I dY:-47.79 | |
Display N(d)? Display ¥(d)?
[ Update graphs automatically? [ Interference? =10f x|

MR | L Lol L vl L Lo

+ Experimental intensity * Q4
—— Model Calculated intensity * Q4

_/ First Dist\ / Second Dist\ / Third Dist\ / Fourth Dist\ /" Fifth Dist\, L
Shape m Contrast [*10°20 cm-4] @

Scaterer volume [fract]: | 0.009
Dist type : I LogMormal 'I

Neglect tail dist fractions

Number of bins in distribution
[ P{x]=(1/((x-Min)"Meansqrt(2*pi)) * expl-In((x-Mean)/sdev)"2/(2*sdev"2))

Min size step i e
Dist. median = [261.3
Mean size Sep Dist. mean 05.9
Sdeviation step Dist. FwHM = [253.3
Limits for fitting
< volume <
< Min. size <
E_ 1 <Meansize<
< Sdeviation <

SAS Background [0.11331 step

Fit using least square fitting ? [ Fit

Intensity * Q"4

T T T T T TrTT

A

=lolx|

- 30x10°

Fit Yolume?
Fit min. size?
[M Fit mean size?
[ Fit Sdev.?

Total Distribution
Distribution 1
Distribution 2
Distribution 3

25
20

[A Fit Bckg?
J

[ storemDaaFoudr | [ Eparascm |

15
—10
-5

Distribution 4
Lines - volume distributions
Bars - number distributions

Revert fit

Results:

[z, wio] (@), uonnquisip awnign,

Scatterer diameters [4]

Now, let’s add second population of particles. Select number of distributions 2, and click on the tab with
“Second Dist” name. Increase the Mean size for this population to 2000A and possibly modify other parameters
according to following parameters.

© Jan Ilavsky, 2009 70



est - Igor Pro 5.03

File Edit Data Analysis Macros Windows Graph Misc Help SAS2D SAS

M Standard models and LSQ (=]

SAS modeling input panel

i i [ Use Indra 2 data structure
EXpenmentaI data mPUt [ Use QRS data structure

Select folder with data: I root:5AS:ImportedD ata:'Test data’: j

Wave with Q data I O_Test data 'I
‘Wave with Intensity data I r_Test data 'l
Wave with Error data I s_Test data 'l

Modelin input Number of dist«ibutions:l 2 vI
QO Use Number (N(d) dist? @ Use Volume [V(d)) dist?
[ Display N(d)? Display ¥(d)?
[M Update graphs automatically? [ Interference?
/First Dist\ / Second Dist / Third Dist\ / Fourth Dist\ /Fifth Dist\
%4 (1 ' N
e W Contrast [10°20 cm-4]
Scaterer volume [fract]: E
Dist type : I LogNormal 'l Neglect tail dist fractions

Number of bins in distribution
l P(x)=(1 /((x-Min)"Mean*sqrt(2%pi)) * expl-In((x-Mean)/sdev) 2/(2 sdev"2)]

ARAR — Dist. mode = [1658.3
Mo step 50T || v ecion = 27002

R ko 2000 step [T0_] Dist. mean 2293.4
Sdeviation step [0 || pist. FwHM = [T341.7

Limits for fitting
< volume < M Fit Volume?
< Min. size < [ Fit min. size?
< Mean size < [M Fit mean size?
< Sdeviation < [ Fit Sdev.?

SAS Background [0.11331 step[Te§ [ FitBeka?

Fit using least square fitting ? [ Fit ] [ Rewvet fit ]

Results: [ Store mData Foldr | [ Epemascm |

Intensity (e

M LoglLogPlot i [m] 5]
)
e eTE—— ] ——" + Experimental intensity
T e 0B,
10 —— Model calculated Intensity o
¢ O Standardized residual [~ 04 3
- = @D
10 ] . . -02 %
N
10° +oo0 8
- --0.2 g
10 ] -0.4 §
R . -—-06 =
10—y T — 7 T
0.001 0.01 . 0.1
Q]
A Originallntensity l I:D pnt: 26 X:0.0014386 Y: 7.5408e+05 I dX:0.0042211

Intensity * Q"4

B: Originallntensity

Lol

X: 0.0056597 Y: 14737

Lol L Lol

dY: -7.4025e+05

102 4 + Experimental intensity * Q"4
—— Model Calculated intensity * Q4

M L

0.1

Total Distribution
Distribution 1
Distribution 2
Distribution 3

Distribution 4
Lines - volume distributions
Bars - number distributions

B [=[ ]

1 3
- 3007
-25 3
&
—20 ¥
g

~15 g
L0 §
s I
=4

3

-

Scatterer diameters [A]

This is not bad guess. Note, that as the second population became larger, if you display number distribution the
distribution line nearly disappears from the bottom graph. There are only few of large particles there. Therefore
in this case is better to display volume distribution, which will show the second population. However, choice of

user if to model volume or number distribution needs to be made based more on physical basis...

Select point 29 to 62 in the top graph using cursors. In the Tab of the First distribution uncheck all fitting boxes,
uncheck Fit Background checkbox and in the tab for second distribution check Fit Volume, Fit Location, Fit

Scale checkboxes... The fit.
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i Test - Igor Pro 5.03

File Edit Data Analysis Macros Windows Panel Misc Help SAS2D SAS

Il Standard models and LSQ fitting e
SAS modeling input panel
i i [0 Use Indra 2 data structure

Expermentalicata npit [M Use QRS data structure

Select folder with data: I root:SAS:ImportedD ata:'Test data” _'_]

Wave with O data O_Testdata ¥
Wave with Intensity data | r_Testdata ¥

s_Test data 'I
Crgh I

-0l

‘Wave with Error data

Modeling input Number of distributions : I 2 'I
O Use Number (N(d)) dist? ® Use Valume [V(d]) dist?
[ Display N(d)?

Display V(d)?
M Update araphs automatically? [ Interference?

/First Dist\ / Second Disty, / Third Dist\, / Fourth Dist\, / Fifth Dist\
Shand I—sm Contrast [*10°20 cm-4] @
Scaterer volume [fractl:  [0.0332:
Disttype : | LogNormal '] Neglect tail dist fractions =
Number of bins in distibution

I P(x)=(1/((-Min)"Mean®sqrt{2°pi)) * expl-In((x-Mean)/sdev)"2/(2"sdev"2))

Minsize [E33053 1] step [50_] || DIt mode
f Dist. median
Mean size [375.117 step [0 Dist. mean
Sdeviation [0.536740] step [01 ] | Dist. PuvHM =

Limits for fitting
< volume < Fit Volume?
< Min. size < Fit min. size?
[E__ ] <¢Meansize< Fit mean size?
< Sdeviation < Fit Sdev.?
SAS Background step [ FitBekg?
Fitusing leastsquarefiting? [ Fe | [ Reenm |

Results: [ store mDataForr | [ Epom ascn |

This is reasonably good local fit for second population. Note the straight line between the distribution for the
first population and second population — this is where there are no datapoints, since first population already
ended and second did not start. This area will get smaller if the “Neglect tail dist fraction” is set smaller.
However, if this number is very small, or distributions are close to small sizes, problem with bins with negative
diameters appears. The code just truncates the binning at 2A or so, so there can be artifacts for distributions

M LogLogPlot o [m] 3]
L Feo el el ——" + Experimental intensity
100 o T —— Model calculated Intensity 2
= s © Standardized residual 20 2
£ 10 ]
S _ 2
=2 T . 40l TP S, . -SRI S P S ST PO N
R e e " ° &
5 4 3
£ q0'H F-20 2
g
S - 2
10— —— T S e
0.001 0.01 . 01
QA7)
[O A: originalintensity | | [nt: 26 X:0.0014386  Y:7.5408e+05 | dX: 0.0042211
[["T&: Originalintensity | [pnt 52 X 00056587 : 14737 | dv: -7 4025e+05
-10f x|

Intensity * @4

L

107 - + Experimental intensity * Q4

—— Model Calculated intensity * Q"4
10*
10°

R
10°

T T T T
0.001 0.01 . 0.1
QR

0
(=]

=18l

Total Distribution
Distribution 1
Distribution 2
Distribution 3

Distribution 4

Lines - volume distributions
/ Bars - number distributions

T
w
o
=4
=)

1000
Scatterer diameters [4]

which have significant volume at smaller scatterers...

Now we can optimize all parameters at the same time. Select point about 29 to 102 using cursors. Check major

parameters from First distribution and fit all together.

Final fit may look like:
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{8 Test - Igor Pro 5.03
File Edit Data Analysis Macros Windows Panel Misc Help SAS2D SAS

Il Standard models and LSQ fitting S 9 [=] B3| | LogLogPlot : =10 x|
SAS modeling input panel o e T T T T Eetmentalntenay s
[ Use Indra 2 data structure n T < NG — Model calculated Intensi =
Experimental datainput 5,7t SO0 NS |~ - . © Standardized residual 2
Select folder with data: I root:SAS: ImportedD ata:'Test data” ;I E. g : g
PR - - - - - R N
Wave with 0 data Im % LTI A AL . 0=
] — =
‘wave with Intensity data I 1_Test data 'I E 4o 4 2 %
c
‘Wave with Error data I s_Test data '] 107 ‘e
— T —— T — T T
ot 0.001 001 0.1
P Number of distributions: | 2 v QA]
Modeling input l —I 3 [O A: Originalintensity | O [ent: 26 X:0.0014386  Y:7.5408e+05 | dX:0.23285
Q USEI Number (N(d]) dist? % Use Volume (V(d)) dist? [ [®: Originalintensity | [pnt 102 X: 023428 Y 0.11553 | dv: -7 5493e+05
Display N{d]7 Display ¥(d)? - -
M Update graphs aut ically? (mj ce? =10/x]
_/ First Disty / Second Dlslsg Third Dist\ / Fourth Dist\ /Fifth Dist\ '+ 'E' L It T — "IG"4I e el —
Shapel spheroid v] Contrast [*10°20 cm-4] wiq L M};Zetar;rgznjle:{]egr;::gnsiw*Q"4 B
Scaterer volume [fract: [0.0026. ot 1 r
Dist type : I LogNormal 'I Neglect tail dist fractions E PAERTIE -
Number of bins in distribution @ % I ~
2 10° o
lP[x]=[1 H(x-MinJtMean”sqrt(2pi)) * expl-n((x-Mean)/sdev)"2/(2*sdev"2)) I o= B
Min size [31.4671 ]| step D e 102 10° 4 o
o Dls.' medlan 3 2301 T T T T 11T T T T T T T TT T T T T rrrr T T T T
Mean size [188.553 |©] step Dist mean = [758 T T T
Sdeviation [0.6644% E step Dist. FwHM = [209.7 0.001 0‘0()1 [A_‘] 04
Limits for fitting -
< valume < M Fit Volume? : =10l
< Min. size < Fit min. size? ol L L . L] :
; 3 ; - Total Distribution L 50107
[E___ ] <Meansize ¢ [T00000 Fit mean size? Distribution 1 5
| _ Distribution 2 B &
L Fit Sdev.? Distribution 3 0 4
: - L -30 £
SAS Backgound [0.107738(9)] step [ Fit Bekg? Dbtlon 4 . o g
Fitusing leastsquarefiting? [ Ft | [ Rewna ][ Bars - number distributions -0 3§
- 10§
Results: [ sunmnDwFoldr | [ Egpoatascn | m R
— r . i T o 3
2 2 3 ¢ s 5 1 8 3 2
100 1000
Scatterer diameters [A]

Note, that fitting the small-Q powerlaw with this model is not easy, since there is no real size information about
those scatterers. Therefore I will not attempt to do it at this time.

Adding interactions
Check the checkbox “Interactions” on the control panel. New panel pop-ups with Interference control tabs for

each population .
[ Display N(d)? M Display (d)?
adate graphs automatically? M Interference? T
{ Second Dist\/ Third Dist\/ Fourth Dist\ / Fifth Dist\, '+ 'E' L I]t - I'N 61‘4' L] .
s =] 2 ¥perimental intensity *
| s e 1077 — Model Calculated intensity * Q4
Scaterer volume [fractl:  [0.0026
-oghormal 'I Neglect tail dist fractions
Nuber of bins in distribution

[ | sity * @4

IR1S_InterferencePanel

n)*Mean”sqit{2°pi)) * expl-n((x-Mean)/sdev) " 2/(2*sdev"2))

GRS Dist mode = [1623 ] SAS modeling interference input
m. | Dist. median = [2301_] 9 p L
[2855 ]

3 -88 559 stej -
. PUL i pist mean = /First Dist\ / Second Dist\ / Third Dist\ / Fourth Dist\ / Fifth Dist\

0564730 step [T ] || pist. kM = (2057 ]
Limits for fitting [ Interference for this distribution?
< volume < [ Fit Volume?

1 <Minsize< [ Fit min. size? .

] < Mean size < (100000 Fit mean size?
[ Fit Sclev.?

ound [0.10773868) step M Fit Bekg?

astsquarefittng? [ Fr | [ Remm | /

[ store mDaaFodr | [ Expaascn |
-1 TEEEWY
s R e B A
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Check the checkbox “Interference for this population™ for population, you want to include interference
calculations for and two parameters show up.

e T UL LIS I JIsuivaaOn l\JU ' 2: .5 | ‘_./J:_‘:;ﬂ-” )
| Pl)=(1 /iscale*sqn(2°pil) * expl-ixloc) 2/(2"scale"2)) BN IR15_InterferencePanel =10 x|
: o Dist. mode = [871.9 g 4 4
Location [871.893 ]} step o o SAS modeling interference input
Scale  [519.649 step Dist mean = [G610
Dist FwHM = [T223 2 _/ First Dist /” Second Dist\ /” Third Dist\ /” Fourth Dist \ / Fifth Dist'\
Limits for fitting [ Interference for this distribution?

< volume < [ Fit Yolume? -
<location<  [100000 4 Fit Lacation? PACK O Fit?

< scale < T00000] 4 Fit Scale? ETA [4735 0 Fie?

SAS Background [0.136928 | step[0 ] [ FitBeka?

Fit using least square fitting ? Fit | Revert fit

Results: Copy to Data folderl Export ASCI I -

I o T end an
These parameters can be fitted by checking “Fit?” checkbox, when other necessary fields appear. Note, that in

my experience the fits are not very stable. Need to have really good estimates for these parameters. For more on
these parameters, look into the Unified fit section, since this is the same code used here as in Unified.

4nn

Saving results
It is now possible to save data back to data folder where the measured data came from or export ASCII file.

Copy to data folder
User can copy Igor waves (as in above methods) with comments, which can be recovered in the future or used
for users plotting of data. In the dialog

Need input for comment 21 x|

Modify comment to be saved with these results
BResult from Modeling Thu, Sep 12, 2002 1:16:04 PM§

coce_| |

user can fill in any text description (in the quotes).
Following waves are created in the data folder. 0 is index of users solution saved in the folder, so user can
have multiple solutions. These solution can be recovered in the future as in previous cases...

ModelingDiameters 0 diameters for the distributions
ModelingNumberDistribution 0 number distribution
ModelingVolumeDistribution 0 volume distribution
ModelingIntensity 0 intensity from the model
ModelingQvector 0 Q vector for the model

Note, that each of these waves has again wave note with all parameters from this model.
Export to ASCII

Exports ASCII file with all parameters (wavenote from solution waves above) and columns of data with the
distributions and intensity-Qvector.
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Modeling only

In order to facilitate modeling only of SAS from population(s) of scatterers, user does not need any input data.
These data will be created — in Q range user selects, with number of points user defines and spread either
logarithmically or linearly. Just select “model” checkbox at the top of the Data Input part of main tool panel.
{4 Irena manual LSQF2_1data set - Igofl i~ el _|O] x|
File Edit Data Analysis Macros Windows Panel Misc Help SAS

BN Standard models and LSQ fitting =101 x| |z

SAS modeling input panel
Data i [ Indra 2 data M Model
atamput [ ops gata
Min value for Q [A] [0.0001 |

Max value for Q [A] |1 |

Intancit [em ‘I

Num points in Q [100 |
[ Log-Q stepping?

[ Siit smeared?

—

IReady I D
Select proper values and log-Q stepping, then push “graph”. Tool will function with no input data now...

8.4 Fitting

General comments

This code uses either Igor built in least-squares fitting routine or Genetic optimization.

Least square fitting: The SAS data (intensity, Q and error) always extend over large ranges — often many
decades — this routine is not the best one for parameters optimization. Therefore it is imperative to have a good
starting guess for the parameters, properly select range of values, the fit is allowed to look for solution and fit

limited number of parameters at a time.
Genetic optimization: very good for cases when number of local minima can make least square fitting unusable.

Note change on the panel: Lower left corner — the two checkboxes switch between least squares and genetic
optimization. Least squares is default.

SAS Background [0 | step [0 | [ FitBckg?

(] Use Genetic Optimization? -

M Use LSGF? L m ] [_rwmz |
Results: | StmemDusFoldr | [ Epatascn |

For genetic optimization user is presented with review of parameters which will be fitted and review of range
which will be probed. It is imperative to have limited and sensible range of parameters to be fitted!!!

8.5 Logging feature
This feature is not finished and works only for standard models. It is planned update for future to make sure

these records are useful...
User can see the notebook by selecting second item in the SAS menu “Show SAS logbook”. This area is at this

time under development, but this is current status of what is written in this logbook:
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This is log results of SAS fitting with modeling macros Irena.

1/5/02, 5:47 PM

sttt st e s s ok ot otk sk sl st kst sk sk R kR s ok R R Rk sk sk R ok oK
sttt st s s ok etk s s ol f R st sk sk Rk kst s s ok ok R Rk sk R ok oK
sttt st s s s ok etk s s s o ol R st sk sk R kR stk sk ol R R R Rk ko R ok oK

Parameters before starting Fitting on the data from: root:USAXS:'S5_AI203 lum"

Number of modelled distributions: 1
SAS background = 0.15, was fitted? = 0 (yes=1/n0=0)

FHAARRoR® Distribution 1

Particle shape: sphere

Distribution type: LogNormal

Contrast 120

Volume 0.09 , fitted?=0
Location 250 , fitted? =1
Scale 300.1 R fitted? = 1
Shape 0.5 , fitted?=0

Mean 575.21

Median 550.12

Mode 483.83

FWHM 291.36

sttt st s s s ok etk s sl R st s ok Rk sk st sk ol ok R Rk ko R ok oK

Results of the Fitting on the data from: root:USAXS:'S5_AI203 lum":

Number of fitted distributions: 1
Fitting results:
SAS background = 0.15, was fitted? = 0 (yes=1/n0=0)

FHAARRkoR® Distribution 1

Particle shape: sphere

Distribution type: LogNormal

Contrast 120

Volume 0.09 , fitted?=0
Location 278.88 s fitted? = 1
Scale 27832, fitted? = 1
Shape 0.5 , fitted?=0

Mean 575.21

Median 550.12

Mode 483.83

FWHM 291.36

Fit has been reached with following parameters
Chi-Squared 910.31

Points selected for fitting 28 to 109

The record will get significantly more complex in the future and, if using more populations of scatterers, also
longer...
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9. Modeling Il

'|eo N Modeling Il main panel
Modeling I1
. ] Indra 2 data [ Madel
Data input = gps dara

Data folder: | ——— | :]
Wawe with ¥ axis data = = ]

Wave with ¥ axis data = |-+ ]
Wave with Error data | ——— &= ]

Remove all ! unUse all !\ Carfig Graph ! | Graph (Reliraph) !
) .
@ Data controls \_/ Model controls
__| Multiple Input Data sets? __| Mumber Dist? |__| Auto Recalc?
Input Data

[ Genetic Optimization? E Use LSQF?

Calculate Model ) | Fit Model ] Reverese Fri

Save result ] | Save in Waves ! L Savein Matehook )}

9.1 Use of this tool

This tool is : advanced; complicated; challenging to use — but really powerful.

The use of this tool is recommended to experienced users or in cases, when the simpler tool from chapter 9 is
not sufficient.

This tool will do all the LSQF ver.1 will do and much more. There is penalty for the much more...

Features:
1. Multiple input data sets at the same time. Up to 10 input data sets can be loaded at the same time and
fitting/modeling can be done to one or more data sets at any time.
2. Up to 6 populations of scatterers can be combined. Any population can be arbitrarily “switched on and
off”.
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3. Each population can have different contrast for each data set. Note, that this means up to 60 contrasts
potentially.

4. Form factor parameters can be fitted. That does not mean the data must allow them to be fitted, but the
tool will allow any form factor parameter to be fitted.

5. Structure Factors — library of 5 structure factors to be used. See Structure factor description in the “Form
factor and Structure factor description” pdf file.

6. Optimized for speed - much faster fitting when “semi-auto” R distribution is selected for complicated
form factors.

7. Input of “model” data when no real data are loaded, but only q-data are created to model SAS from
microstructure without the need for measured data.

Logging during use of this tool — This tool similarly to other Irena tools logs state of the parameters before and
after each fitting. The purpose is to enable at least some recovery, if fitting goes to never-never land and user
accidentally looses the “recovery” option by using revert fit (by hitting the fit button second time etc...). The
notebook can be pulled up by using menu SAS -> Other tools -> Show SAS Logbook. This logbook is mess of
information, but all necessary information to recover should be there. It is not formatted in any particularly
meaningful way, though. As output use the “Save in notebook” option discussed later in this chapter.

9.2 Theory behind this tool

Actually, theory is the same as for LSQF from chapter 9 — up to 6 populations of scatterers can be created, the
SAS from them can be calculated in dilute limit and summed together. Approximation of interparticle
interactions (Structure factor) can be applied independently to any of the populations. For comments on used
size distribution shapes (log-normal, LSW) please refer to chapter 9.3. It is important and useful to understand.

9.3 Use of this tool for SINGLE input data set.

Start tool from SAS menu. At this time it is titled “Modeling II”.

GUI description

Note in following image, that the tool has somehow different GUI. The lower 2/3 of panel change depending on
selection of radio-buttons “Data controls” and “Model controls”. See figure below. Also, if only one data set
will be used, make sure the checkbox below “Data controls” is unchecked (only one tab “Input Data” is visible).
Note, that there are few buttons just under the Data input popup controls: “Remove all”, “unUseAll”
“Config Graph” and “Graph(reGraph)”. These are tools to control global behavior or resent the tool.
“Remove all” button removes all input data from the tool.
“unUseAll” button sets all of the input data sets to not to be used. (useful only with multiple data input)
“Config Graph” opens control screen for graph controls (font size etc.). These values are common for
all tools (once I propagate them through whole package).
“Graph (reGraph)” button creates the graph or forces redraw of the graph.
Note one more checkbox which is worth mentioning here... It is little bit lower, on the right hand side and is
called “Auto recalc?”. If checked the model will be recalculated with every change of any parameter (except
Form factor parameters, which cannot trigger this). Use only on fast computers and simple enough model, or it
can be tedious..
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ra an Modeling Il main panel

(@600

Meodeling Il main panel

Modeling 11

. [] Indra 2 data [ Model
Datainput = gas sata

Data folder: | ——— E]‘

: Indra 2 data

Data ]Ilput 1 QRS data

Data folder: | —— E]‘

Modeling 11

[ Model

A

.

s

Wave with X axis data |——— [ Wave with X axis data  ——— |5

Wave with ¥ axis data | ——— | 5 Wave with ¥ axis data | ——— [ §

Wave with Error data | ——— |5 Wave with Error data  ——— [ &
¥ Remove all 4 & anlUse all J | ConfigGraph ) [ Graph (ReGraph) ) k Remove all K. anlise all ) | CocfigGraph ) [ Graph (RetGraph) )

Data controls B Model controls
Multiple Input Data sets? [~ Mumber Dist?

j—L—Pep—] 2.pop | 3.Pop | 4.Poo | sPoo | B.Pon |
# use?

Num pnts: 50
# Log R dist?

Form Factor: | Spheroid 9‘

—
L
O [ Auto Recalc?

e R dist auto? C R dist semi-auto? C R dist manual?

R dist neglect tails: 0.01

Distribution type : LogMNormal 9“

Wolume = | 0.05 ] me?
Min size [A]l= |0 ] me?
Mean [A]l= 150 [] me?
Std. dev. [A]= [0.5 [ Fit?

Structure Factor 1 Dilute system 9‘

Contrast = 100

B Data controls

[ voutosa |

z Multiple Input Data sets?

—
\_J Model controls

[ Number Dist?

: Auto Recalc?

"] Genetic Optimization? ™ use LsaF?
[ Calewlate Model ) | Fit Model 1 | BRewerescFit )
k Lave result J | SaveinWaves ) [ SaveinMatehook )

: Genetic Optimization?

# Use LsoF?

I Calculats Model

J

L

Fit Model

A

L'y Reverese Frl )

I Save result

i

S

i

Save in Waves

S

| Savein Notebook )/

Data controls

The data available in the test.pxp file distributed with the irena package are in qrs structure, so select “QRS

data” and pick the ‘Test data”.

To load data into the tool use the red button “Add data” on the left top corner of the Input Data tab.
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{f Irena manual LSQF2_1data set - Igor Pro 5.05A A& I = [ 9
File Edit Data Analysis Macros Windows Graph Misc Help SAS

Il LSQF2 main panel B =] B34 | B 1 SQF2 main data window
LSQF 2 modeling & fitting Mingq = Min Int = [0:109953 (CR=tmn ) [ Display Ind. Pop. Ints.2

Data input % 'c')‘g'gg ;:'a [ Model Maxq = [0675762 Max Int = [6.326762=07
| PR 1

Data folder: I root:SAS:ImportedData: Test data™ ;I

Wave with Xaxisdata | Q_Testdata ¥ 107
Wave with Yaxisdata | R_Testdata ~
Wave with Emror data S_Testdata ¥

[ Removeatt ][ waUseat [ ConfizGrpn | [ GraphReGraph) |

=lolx|

® Data controls O Model controls
[ Muttiple Input Data sets? [ Number Dist? [ Auto Recalc?

nput Data
(EEEEE) M use? [ Sit Smeared? |

User Name: [ ]

Scaledataby: [T ]

® Useremors? O SQRTemors? O User % emors? 10‘3
Scale erors by:
Q min: [0.00024646 Qmax: [0.675764 Q fom cursors

or arbitrary units)

1

-

=
] w

Intensity [cm
>

0.001 0.01 | 0.1

QA’]
Y:

Bekg:[0 ] [OF? D A | oo P

Irena manual LSQF2_1data set.pxp’

[ CalcutateModet | [ FitMogsl | [ ReversseFit |

[Ready | [

Description of parameters on the Input data tab:

Checkbox “Use?”  allows to select if this data set is used in the tool. This is really useful when multiple data
sets are used.

Checkbox “Slit smeared”  if slit smeared data re used, select. Note, that if checked field for slit length will
appear.

“Data” field. This field contains path to data within Igor experiment. Cannot be edited.

“User name” user editable name for the data. Will be used in the graph — needed to make sense in case of use
of multiple input data. If empty, default name will be used (not very informative).

“Scale data by” field — user can scale data here. For example some data may need to recalibrated, converted to
I/cm or whatever. Ideally should not need to be used.

Radio buttons “User errors”, “SQRT errors”, and “User % errors” — what type of errors to use for this
particular data set? User errors are provided by wave with error data, SQRt errors are square root of intensity
and when % error is used, the error is set to 1 % of intensity.

Scale errors by:” allows scaling errors by factor. Errors are produced using method selected above and then
scaled by the factor user provides here.

“Qmin” and “Qmax” — selection on fitting interval of data — can be typed in or using the button “Q from
cursors” can be read from cursor position. Only data within this interval will be used for fitting.

“Bcekg” Background for this data set. Can be fitted (“Fit?” checkbox will open fields for Min and Max limits
for fitting...

Further controls are likely going to appear...
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Model controls

Model controls become available by selecting “Model controls” radio button above the tabs.
Note the checkbox “Number Dist?” — if checked the distribution will be considered to be number distribution,
if unchecked (default) the distribution is volume distribution.

Controls for any population appear when “Use?” checkbox is selected... see below:

- RIS [=1E<| || ™ Modeling II main panel o ] |
Fle Edit Data Analysis Macros Windows Panel Misc Help SAS M Odeli n g I I
Bl LSQF2 main panel - =101 x| | D . [ Indra 2 data [J Model
- — ata mput
LSQF 2 modeling & fitting B s e
Data input o N9 242 O Model Datafolder: | - ~|
[ GRS data —| Wave with X axis data | - >
Data folder: | root:SAS:mportedData: Test data”: ¥ |
Wave with Xaxis data | Q_Testdata v | BRI e | = |
Wave with Y axis data | R_Testdata < | Wave with Enor data [ -~ ~]
Wave wth Erorceta | 5_Tos e =] || I T || T | T
Removesli ) waUssatt [ ConfizGuaph ) (_GeepnReGrapt) | ;| O Datacontrols  ® Model contiols
®) TrmErh ® Model controls j [ Multiple Input Data sets? [ Number Dist? [ Auto Recalc?
[ Muttiple Input Data sets? [ Number Dist? [ Auto Recalc? ; /1. Pop %/ 2 Pop \/ 3 Pop \/ 4 Pop \/5 Pop \/ 6. Pop \
1.Pop % /2. Pop \/3.Pop \/ 4. Pop \ /5. Pop \/6.Pop \ - 2? P
'/D Use? E [ Use? ® R distauto? O R dist semi-auto? {3 R dist manual?
2| |Num pnts: R dist neglect tails:
.5 [ LogR dist?
<
Form Factor : I Spheroid vI Distribution type : I LogNormal 'I
Yolume = [ Fit?
Minsize[4]= [0 | CJFit?
Mean [A]= [ Fit?
E Std. dev. [A]= O Fie
. Structure Factor : | Dilute system 'I
Contrast =
= - Irel
[ Calculate Moda! ] [ Fit Modal ] [ Raverssz Fit ]
[ Genetic Optimization? [ Use LSQF?
[ cacubteModel | [ FeModel | [ RevereseFr |
X Auto-savina at 15:26:52_8/31/2006 [ swersur | [ SwemWaes |
[Ready | D

Description of controls:

“R dist auto?” distribution of radii selected automatically for given distribution. As in the older LSQF
(chapter 9) the R distribution here is selected in such way, that densest points in R are at the middle of the
distribution (around maximum) and then they spread with large and larger steps.

“R dist semi-auto” same as above, except the R distribution is not being changed during fitting. Therefore
one needs to be close to final solution when starting fitting. But this way the fitting can be MUCH faster for
complicated form factors. Since the R points and g-points do not change during fitting, G matrix (which is
cashed internally for each population and data set) is calculated ONLY once. Major time saver...

“R dist manual?” Manually input min/max R for each distribution. Opens control fields needed for input.
“Num pnts” Number of points in R distribution. Use sensible numbers. Large numbers will take a lot of time.
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“R dist neglect tails” same meaning as in LSQF (chapter 9). Basically what fraction of volume of size
distribution can be neglected. Allows truncation at small/large sizes - defines Rmin and Rmax for
automatic/semi-automatic R distribution method.

“Log R dist?” — select to have R points logarithmically distributed. If unchecked, linearly distributed bins in R
will be created.

“Form Factor” — select form factor from list of available form factors. May open another control screen for
parameters of the form factors. To get this controls screen again, re-select the form factor and the screen will

pop up.

DSAPNE |5l =10 x|
File Edit Data Analysis Macros Windows Panel Misc Help SAS
Wl FormFactorControlScreen E - 10| x| &
. in
Form factor parameters for Population 1 -
Form factor: Spheroid B
Parameter value Fit? Low limit? High Limit
Aspect ratio = O
T T
\Ready | D

This is example of screen for Spheroid. Note, that there is one parameter for this Form factor (aspect ratio). This
parameter can be fitted in this tool. By selecting “Fit?” checkbox, low an high limits fields will appear.

“Distribution type” select “lognormal”, “Gauss” or “LSW”. Definitions are in LSQF (chapter 9). Parameters
for these distributions are now separate, so one can go among them and the parameters will not be reused/lost
from previous use of that particular distribution type...

“Volume” — volume of scatterers in this population. “Fit?” checkbox allows fitting. Fields for min/maxc
values will appear. When volume is changed manually by typing in this field, min and max are automatically set
to 1/5 and 5x the typed value. Therefore, it is important to first set the value and then, if necessary change the
limits. Not the other way around!!!

LogNormal parameters
See details in the chapter 9.3 for details... Formula:
P (x) = exp(-1*( In( (x-MinSize) / meanSize) )*2 / (2*SDeviation"2) ) / (SDeviation*sqrt(2*pi)*(x-MinSize))

“Min size”, “Mean” , “Std Dev.”

Gauss
Has just two parameters: “Mean size” and “Width”.

LSW
Just one parameter: “Position”. For details see chapter 9.3.
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“Structure factor” Popup allows selection of one of included structure factors (see pdf file with description).
The structure factors have their own screens and parameters can be fitted. See below for case example:

10/ x]
Structure Factor for Pop1 of LSQF2 modeling

Structure factor: HardSpheres

Parameter value Fit? Low limit? High Limit
Radius [4] = [50 e O
Volume fraction (phil= [0 | [

Hit enter twice to auto recalcuiate (if Auto recaicufate is selected)

Note, that due to quirk in Igor way of controlling updates you need to hit enter twice to automatically
recalculate the curve (when checkbox on main panel is selected)...

“Contrast” field — input contrast. Only one contrast in case of single input data set.

Last few buttons

Under the tab area there are few more control butons.
“Calculate model” calculates Intensity for current model.

“Fit model” Runs fitting with currently selected parameters to fit.

“Reverse fit” recover parameters stored before the current fit run.

“Save result” Saves result into the folder. It feature is not fully finished yet. This is difficult to know
what is expected in case of multiple data input...

“Save in Waves” Saves results into new folder in form meant for creating tables with results. In this case

new folder (user is presented with dialog to create new name) is created and for each internal variable/string is
created new wave. This creates large number of wavbes — most useless... But user then can create table of
selected waves with important results — for example sample name, volume of pop1, mean diameter of popl1 etc.
“Save in notebook” Creates Igor Notebook (formatted) and pastes in this notebook summary of current state
of the tool in more or less human readable form. This includes copy of the graphs and somehow reasonably
formatted listing of parameters.

9.4 Fitting data with one input data set
Select “data controls” radio button. Select data (‘Test Data’) and push red button “Add data”
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i Irena manual LSQF2_1data set - Igor Pro 5.05A Al o|a| _ (O] x|

File Edit Data Analysis Macos Windows Graph Misc Help SAS

Ml LSQF2 main panel M [=] B3} | /¥ 1 SQF2 main data window E
LSQF 2 modeling & fitting Minq = Min Int = [ Display Ind. Pop. Ints.?

Mrm s %ggrsagad:ta [ Model Maxq = Max Int = [6:32676e+07 ‘Autoset Axis

Data folder: | root:SAS:ImpottedData: Test data” v | liq
",
Wave with X axis data I Q_Test data 'I 7 k 4 R SN
10 2 ¥
Wave with Y axis data I R_Test data 'I 6 \H\
Wave with Error data S_Test data 'I

[ Removeatt [ wUseat [ ComiizGrpn | [ GrephReGrepn) |

=10l x|

® Datacontrols O Model controls
[ Muttiple Input Data sets? ] Number Dist? [ Auto Recalc?

Input Data
) [ Use? [ Sit Smeared?

User Name: [ ]
Scale data by:

® Useremors? O SQRTemors? (O User % emors?

Scale erors by:

Q min: 000024526 Qmax: [0.675764

or arbitrary units]

1

N

P 4
F 4

Intensity [cm’
3

Bkg[l ] O

Irena manual LSQF2_1data set.pxp’

[ CalculatsMoset | [ FitModsl | [ ReversseFit |

[Reacy [ [/

Name the data “Alumina powder” in the “User name” field.

Let’s also select the background immediately here. Set cursor (square) to area of flat background (around point
100) and read value of intensity there from the reader below the graph. It should be around 0.12 or so. Type

0.11 into the “Bckg” field and check the “Fit?”” checkbox. Note that the Min and max fields appeared and are set
to 0.1 and 10x the value of our estimate. Uncheck the “Fit?”” checkbox so the background is NOT fitted, when
we run this next time...
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R 1rena manual LSQF2_1data set - Igor Pro 5.05A I K =S [ 3
Fie Edt Data Analysis Macos Windows Panel Misc Help SAS

IIT=T | [791 SoF2 main data window :

LSQF 2 modeling & fitting Minq = [0.000226255 Min Int = [0.105953 [ Display Ind. Pop. Ints.?

Data input ggsa 5 ::a [ Mode! Maxq = [0675762 Max Int = [6:326766+07 Autoset Axis

Data folder: | root:SAS:ImportedData: Test data” j ﬁq.
Wave with Xaxis data | Q_Test data ] 10 =
Wave with Y s data | R_Testdata | . "

Wave with Erordata | S_Testdata v] 10 \

[ Removeatt [ waUseat ][ ConfizGrph ][ Graph®ReGrapn) |

=10l x|

® Datacontols 3 Model controls
[ Muttiple Input Data sets? ] Number Dist? [ Auto Recalc?

Input Data
S M Use? [ Sit Smeared?

User Name: [Alumina powder ]
Scale data by:

® Useremors? O SQRTemors? (O User % emors? 100
# Alumina powder N

Scaleemorsby: T | : =
H H HE I
———r Suseiitievbnyy |

Qe [CO0Z38) Qe [DET5765 ]
0.001 0.01 4 0.1

QA ]
Y:

or arbitrary units]
=)

1
=y
o
] w

Intensity [cm’
=

Bekg:[031 | [MFAt? Min: [0.0077 Max: [11 ]

X:0.26115 Y:0.11874

[ CacutateMogst | [ FitMoget | [ RevemsseFit | Irena manual LSQF2_1data set.pxp’

E Auto-saving at 15:26:52 8/31/2006
E Auto-saving at 15:56:53 8/31/2006
[Ready [ [

Now, let’s go to “Model controls”. Check the radio button “Model controls”. Check the checkbox “Auto
recalc”. Make sure the “Interferences” checkbox is unchecked. Make sure that “Use?” checkbox for Pop 1 is
checked and for all the others is unchecked.
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i Irena manual LSQF2_1data set - Igor Pro 5.05A Al IR0 = [
File Edit Data Analysis Macros Windows Panel Misc Help SAS

Il LSQF2 main panel 9 = |:||5| EISQFZ main data window . _I- _ID ll
LSQF 2 modeling & fitting Min q = Min Int = [0.087291 (Feeams ] [ Display ind. Pop. Ints.?
. [ Indra 2 data [ Model Maxq = Max Int = [6.48783e+07 ‘Avtosst Axis
Data input 3 oRs data d (o e )
Data folder: | root:SAS:ImportedData: Test data” ¥ | | 3""' F— e A — e AR
Wave with X axis data I Q_Test data vI 107 |
Wave with Y axis data I R_Test data 'I 5
@ 10
Wave with Emor data I S_Test data 'I 5
Removeall ] unUseall | Config Graph | Graph (ReGraph) ] = 105 —
S ————————————————————————————————————— ©
O Data controls @ Model controls § 10‘ _
[ Muttiple Input Data sets? ] Number Dist? [M Auto Recalc? °
o
/1. Pop \ /2. Pop \ /3. Pop \ /"4 Pop \ /5. Pop \/6.Pop \ e 103—
MUse? @ pygato? O Rstsemiao? O Reistmanual? = 1
Numprts: [0 | Rdist neglect tails: 2 .
s
Log R dist? £ 10 7
Form Factor : I Spheroid Vl Distribution type : I LogNormal VI 100 -
Volume = Oro -
Mnsize[Al- [0 ] OFt? 0.00 00 0
Mean [AJ= O e 001 .01[/\41 2
Std. dev. [Al= O re? [ent: X Y Tax:
[ Interferences? X 0.26115 V011874 | av: | I |
...... i P =] S
[J LogXaxis? [ Display Vol Dist? [ Log Vol Dist?  Pop 1 Mean = Pop 1 Median =
Contrast = [ Display Num Dist? [ Log Num Dist? Pop 1Mode = [116.875 Pop 1 FWHM = [125.63 ]
| 1 1 |
300x10° — -
= h —— TotalVolumeDist
= 250 — —— VolumeDist_Pop1 —
@ /
< 200 ‘ L
[ Cacstmeniogsl | [ Fiendogsl | [ Reveseri | g 150 ) B
2 100 / - B
E :
— T ° 50 - o . -
Auto-saving at 15:26:52 8/31/2006 > —
Auto-saving at 15:56:53 8/31/2006 ] : : —
Auto-saving at 16:26:54 8/31/2006
E -ModifyGraph Isize(IntensityModel_set1)=3,rgb(IntensityModel_set1 100 200 ' 300 400
-ModifyGraph Isize=1 Radius [A]
[Ready [ [

The model (default values) is going to be calculated.
Let’s decide, that this population will be the larger stuff, dominating the data. This means the Guinier knee at
around 0.003 A™'. Also, since these data are not calibrated (powder sample), we can leave contrast to default

value of 100. But if data would be meaningfully calibrated, correct contrast needs to be used here...

Let’s change values little bit to get better estimate of parameters... Reasonable starting point is may be with
Min size ~ 100, Mean ~ 450, and Std. dev ~ 0.5 :
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i Irena manual LSQF2_1data set - Igor Pro 5.05A Al IR0 = [
File Edit Data Analysis Macros Windows Graph Misc Help SAS
Il LSQF2 main panel I8 [=] P9} | ¥ 1 SQF2 main data window P (=] 9|
LSQF 2 modeling & fitting Min q = [0.000226265 Min Int = [0.087291 (Feeams ) [ Display ind. Pop. Ints.?
Data input Engr; 2da [ Model Maxq = Max Int = [6:48783=07 (otosetaxis )

el —

Data folder: l root:SAS:ImportedData: Test data”: 3
Wave with Xaxs data | Q_Test data v
Wave with Y axis data m
Wave with Error data lm
Removeall l unUssall I Config Graph I Graph (ReGraph) l

O Datacortrols @ Model controls
[ Muttiple Input Data sets? [ Number Dist? [ Auto Recalc?

/1. Pop \/2.Pop \/3.Pop \/4.Pop \/5.Pop \/6.Pop \

71 T/

MUse? @ pugato? O Rdstsemiao? O Raistmanual?
Numprts: (0] Rdist neglect tails:

M Log Rdist?

Fom Factor : I Spheroid 'l

Volume = O Fe2

Min size [A]= O fit?

Mean [Al= 350} I Fe?

Std. dev. [Al= O ft?
[ Inteferences?

Distribution type : I LogNormal 'I

Contrast= [100_—

[ CalcutateMogst | [ FitMogel | [ ReveressFit |

Save rasult

M| M | s M

or arbitrary units)

-1

Intensity [cm

# Alumina powder -t
Model for Alumina powder

M size distributions

=10l x|

Auto-saving at 15:56:53 8/31/2006
Auto-saving at 16:26:54 8/31/2006
-ModifyGraph Isize(IntensityModel_set1)=3,rgb(IntensityModel_set1
*ModifyGraph Isize=1
E *ModifyGraph rab(IntensityModel set1)=(0,0,0)

[ Log X axis? Display Vol Dist? [ Log Vol Dist?  Pop 1 Mean = [602.221 Pop 1 Median = [550.953
[ Display Num Dist? [] Log Num Dist? Pop 1 Mode = |450.€25 Pop 1 FWHM = |436.891
N | ] | | ] 1

100x10 " - o~ -
= —— TotalVolumeDist
= 30 - —— VolumeDist_Pop1
4
=
s 60 -
5
=2
z 40 - -
@
g “‘
H 20 - —
> T—_

400

600

T T T
800 1000
Radius [A]

[Ready |

Now we need to select fitting range for this population... Check the “Data controls” Use cursors to select in the
graph input data between point 30 and 73 and push button “Q from cursors”. This will set the Q min and Q max

values.
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B 1rena manual LSQF2_1data set - Igor Pro 5.05A Al K3 =T = S
File Edit Data Analysis Macos Windows Graph Misc Help SAS
JI1=[E}[7W  Sor2 main data window =lolx|
LSQF 2 modeling & fitting Min q - (0000226465 Min Int = [ Display Ind. Pop. Ints.?
. [ Indra 2 data [ Model Maxq = [0675764 Max Int = [6.48783e+07 ] “Avtosst Axis
Data input 7 gps gora
Datafolder: | root:SAS:ImportedData: Test data” ¥ | F
Wave with Xaxis data | Q_Test data ~ W Tl
Wave with Y axis data | R_Test data ~ S ""x-__‘-
@
Wave with Erordata | S Testdata ~ £
(__Removeatt J(_ waUseattJ ([ ConigGrpn J [ Grph ReGrapty | z 10°
@® Datacontols O Model controls. 2 10¢
[ Mutiple Input Data sets? (] Number Dist? M Ao Recalc? | &
5
npt Data e 10
Use? [ Sit Smeared? s,
2 10
2
User Name: [Alumina powder | 2 10‘ o
Scd daabr = ™~
® Useremos? O SQRTemors? O User % emors? 10° * Aumina powder i
by 10-‘ — Hode:el !or Alumina powder .y .
Qmin: [0.001783 Qmax: [0.0204071 T T
0.001 0.01 § 0.1
Q[A ]
Bckg: O Fe? A: Intensity_set? | o e X:0.001783 Y:5.4399e+05 | oX:0.018624
B: Intensity_set1 ont: 72 X: 0.020407 Y- 100.25 | dv: -5.4389e+05
. =0l x|
[4 Display Vol Dist? [ Log Vol Dist?  Pop 1 Mean = [602.221 Pop 1 Median =
[J Display Num Dist? [ Log Num Dist? Pop 1Mode = [450625 | Pop 1FWHM= [43%63851 ]
5 1 1 1 1 1 1
100x10° —
= —— TotalVolumeDist
= 80 - VolumeDist_Pop1
[
=
K 60 | L
([ catcutateMogst | [ FitModst | [ ReversseFit | 3
>
£ I
- E 20 . -
Auto-saving at 16:26:54 8/31/2006 > ——
*ModifyGraph Isize(l ityModel_set1)=3 ityModel_set1 - : : - - _ .
*ModifyGraph Isize=1
§ ModityGraph rgb(tensityModel_set1)=(0.0.0 400 800 800 1000 1200 1400
-ModifvGraph rab=(52224.0.0).Isi itvModel set1)=2 Radius [4]
Ready | [

Make sure the background “Fit?” checkbox is unchecked here...

Now, let’s select parameters to fit. Background is not appropriate for this subset of data. Select “Model
controls” again. Check “Fit?” for Volume, Min size, Mean and Std Dev. Values for fitting limits should be set

to relatively wide range.

Irena manual LSQF2_1data set - Igor Pro 5.05A A »|e| -1O] x|
File Edit Data Analyss Macos Windows Graph Misc Help SAS
Ml LSQF2 main panel 9 [=] 3 | ¥ 1 SQF2 main data window E =101 x|
LSQF 2 modeling & fitting Minq = (0000226265 Min Int = [0.087291 [ Display Ind. Pop. Ints.?
Data input m:::a [ Model Maxq= [0675764 Max Int = [6487836+07
Data folder: | root:SAS ImportedData: Test data” o
Wave with Xaxis data | Q_Test data =] W T
Wave with Y ais data | R_Test dota > Tl
. - 105 oo,
Wave wih Erordata | S_Test data ~. i Sy,
((_Reoveatt  J[[ walseatt J[_ ConisGrpn J [ Greph®eGrapn) | z 10
O Datacortrols @ Model controls 3 10*
[ Muttiple Input Data sets? [ Number Dist? [ Auto Recalc? b
5
/1-Pop \ /2. Pop \/3.Pop \ /4. Pop \/5.Pop \ /6. Pop \ = 10°
1 2
MUse? @ pygats? O Rastsemato? O Rdstmanual? T \;
Numprts: (0| Rdist neglect tais: 2 , =
[ =
Log Rdist? £ 10 =
Fom Factor: | Spheroid ~ Distribution type : | LogNommal 10° -~~~ * Almina powder T
= Model for Alumina powder | i
Volume = [005 6] B4 F? Min [00T ] Max 025 10" L ; ;
Minsize [A1- [T0___Jo] AAR? Mn [0 Max [000_] o001 oot o
Mean (A= [4350__ ][O BAFt? Min [55] Max [3500 ] ’ QA ’
Std. dev. [Al= M Ft? Min Max [O A Intensity_sett I S X 0001783 Y:5.4395e+05 | aX: 0.018024
O Inteferences? T8 Intensity_set1 | [pnt: 73 X: 0.020407 Y:100.25 | dY: -5.42892+05
{[M size distributions . -0 x|
[ logXaxis? [ Display Vol Dist? [ Log Vol Dist?  Pop 1 Mean = Pop 1 Median =
Contrast= [0 [ Display Num Dist? [ Log Num Dist? Pop 1 Mode = [Z50625 Pop 1 FWHM = [Z35891
1 1 1 1 1 1
100x10°
< —— TotalVolumeDist
= 80 —— VolumeDist_Pop1
e
s 60 L
[ catcutateniogst | ([ Finiogel ) [ Revesert 3
40 -
20/ -
Auto-saving at 16:26:54 8/31/2006 —_—
“ModifyGraph ityModel_set1)=3 ityModel_set1 : : : ; —_—
*ModifyGraph Isize=1
-ModifyGraph rgb(IntensityModel_set1)=(0,0,0) 400 800 8o 1000 1200 1400
E -ModifyGraph rab=(52224.0.0).Isize(IntensitvModel set1)=2 Radius [
[Ready [ [

Now push button “Fit model” at the bottom of the panel. The model should fit after few iterations...
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i Irena manual LSQF2_1data set - Igor Pro 5.05A Al ~|e| - O] x|
Fle Edit Data Analysis Macos Windows Graph Misc Help SAS
PR [=IBS) | i7W 1 SoF 2 main data window [ =10l x|
LSQF 2 modeling & fitting Minq = (0000226265 Min Int = [0087291 [ Display Ind. Pop. Ints.?
- [ Indra 2 data [ Model Maxq= [0675764 | Maxint= [648783+07 ((Avtoset axis )
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s
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2
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[ Interferences? B: Intensity_set1 7: X 0.020407 Y:100.25 |aY: -5.42832+05
-0 x|
[0 LogXaxis? [ Display Vol Dist? [ Log Vol Dist?  Pop 1Mean = Pop 1 Median =
Contrast = [ Display Num Dist? [ Log Num Dist? Pop 1 Mode = [623:345 Pop 1FWHM= 333506
| 1 I | | |
100x10° -
< —— TotalVolumeDist
= VolumeDist_Pop1
7 80 |
i
£ 60 o -
([ CatcutateMocet | [ FitMotel | [ ReverseFit | 3
2 o —
2
£
2 20 - -
*ModifyGraph Isize(IntensityModel_set1)=3,rgb(IntensityModel_set1 >
-ModifyGraph Isize=1 0 . : T . T .
*ModifyGraph rgb(IntensityModel_set1)=(0,0,0)
§ ModiyGraph 190=(52224.0.0) Isize(ntensityModel_sett)=2 400 600 8o 1000 1200 1400
ModifyGraph Model set1)=(0.0.0) Radius (A
Ready ( 7

Now we will add other population (smaller particles). Uncheck all “Fit?”” checkboxes on this Pop tab.

Select Pop 2. tab. Check “Use?” checkbox here. To see whole g-range, go back to “Data controls” and change
Qmin and Q max to smaller/larger values (0.0015 and 0.5). Now come back to “Data controls” and let’s see,
where the population 2 should be. Easiest achieved by unchecking “Use?” for population 1 and then the model
in the graph is only for population 2. We want to use this population to describe data at around 0.05. So we need
to move the mean to smaller sizes... This can be achieved by setting Mean to around 80 and reducing volume to
about 0.01. Now check again “Use?” for population 1.

Check “Fit?” for Population 2 volume and Mean and fit the data by “FitModel” button.

Now we need to do final fitting of all meaningful parameters at once... There are now 3 places, where we need
to select what will be fitted — but potentially could be even more... So let me review where the fitting
parameters can be:

1. Data Controls — fitting of background

2. Model controls - Population tabs — fitting of distribution parameters (and volume, potentially
interference parameters) — here we have two of these to check.

3. Model controls — Form factor panels - Potentially we could have for each population form factor
parameters fitted, these need to be selected by reselecting again on each Population tab the form factor,
which brings up (if appropriate) the appropriate panel..

Good luck finding all of the parameters... You need it.

Anyway, select background, Volume for each f the populations, Mean size, and Std deviation. Try to fit to the

data from 0.0015A™" to 0.5 A™"... With little bit of luck (and a lot of calculations) you should get result similar
to one below:
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9.5 Fitting data with multiple input data set

Assumption of this chapter is, that you can already fit data with one data set (10.4). Only differences caused by
adding other data sets are pointed out here.

Changes in Data controls

When “Data controls” AND “Multiple Input Data Sets?” are selected, up to 10 input data sets can be loaded
at the same time in the tool. Each Data set has all of the controls as the first one, including separate background.
Note, that if the background is to be fitted, checkbox needs to be selected on its tab.

If “Different contrasts for data sets” is selected, separate contrast needs to be input for every population and
every population. This can be excessive number of contrasts. It is typically suitable for anomalous SAXS data

evaluation.

Note, that the selection of number/volume distribution is used for all of the populations at the same type. You
cannot mix number and volume distributions at the same time.
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Note, that you can use one or more of the input data sets at the same time. If you unselect the “Use?” checkbox
on any data tab, all parameters stay in the tab. Therefore you can mix-and-match data any time from any of the
10 populations.

Changes in Model controls

All controls stay the same. Contrast field will change reflecting selections: if “Different contrast for data sets”
is not selected only one Contrast will appear, if it is selected, “Contrast data X will appear, if Data X are set
to be used. This appears on EVERY population tab. You need to go and check the contrasts for every
population.

General comment
Please, remember, that with more data sets, this will be much slower. Setting up parameters for

this complicated fitting space can be intimidating and very much complicated. You need to go
through all of the used tabs in both Data controls and Model controls.
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10. Size distribution (using maximum entropy, total-non negative least
squares method and regularization)

10.1 Basic description of methods

Maximum entropy method by Pete Jemian

Maximum entropy (MaxEnt) and regularization (maximizes smoothness) are two separate methods for
obtaining size distributions from small-angle scattering data. Yet, we describe them together here since they
share many common components. Both are versions of a constrained optimization of parameters which solve
the scattering equation.

©.1) 1 =[Ap[ [IFQ.r)[ V> (NP(r)dr

The difference in these two methods is in the applied constraint and it is this constraint which most heavily
influences the differences between the two methods in the form of the result.

The maximum entropy method was developed by Jennifer Potton et al., and supplied in the code package
MAXE.FOR. Pete Jemian (jemian@anl.gov) has had his hands all over this code and in a few places, made
some rather significant additions, resulting in the code package sizes.c. Most significant is the addition of
the regularization method which is likely to succeed an finding a solution in many cases when the MaxEnt
method fails to converge upon a solution. Please contact him with any questions regarding the implementation

of these methods. (Point of fact, both are actually regularization methods.)
J.A. Potton, G.J. Daniell, and B.D. Rainford; Inst Phys Conf Ser #81, Chap. 3 (1986) 81-86
--- J Appl Cryst 21 (1988) 663-668
--- J Appl Cryst 21 (1988) 891-897.
J. Skilling and R.K. Bryan; Mon Not R Astr Soc 211 (1984) 111-124.
Ian D. Culverwell and G.P. Clarke; Inst Phys Conf Ser #81, Chap. 3 (1986) 87-96.

Literature citation for Maximum Entropy code in Irena macros bvy Pete Jemian
Pete R. Jemian, Julia R. Weertman, Gabrielle G. Long, and Richard D. Spal; Characterization of 9Cr-1MoVNb Steel by
Anomalous Small-Angle X-ray Scattering, Acta Metall Mater 39 (1991) 2477-2487.

Here NII(r) is described as a histogram size distribution where a fixed number of bins are defined over a given
range of diameter with either constant diameter bins or constant proportional diameter bins. Solution of the
histogram size distribution to the scattering equation 9.1 above is obtained by fitting the scattering calculated
from trial distributions to the measured data and then revising the amplitudes of the trial histogram distribution
based upon the applied constraints. The trial histogram size distribution is not forced to adhere to a particular
functional form, such as Gaussian or log-normal. However, in the current formulation, all sizes of the scatterer
are expected to have the same scattering contrast and morphology (shape, degree of interaction, aspect ratio,
orientation, etc.).

In both MaxEnt and regularization methods, the measured data must be represented by the calculated data so
that the goodness of fit criteria (sum of squared standardized residuals) is close to the number of measured data
points used in the analysis, subject to an additional constraint. This imposes a high standard for the reported
errors on the scattering intensity. The reported errors are expected to be estimates which are comparable to one
standard deviation of the true intensity and that the difference between the measured intensity and the true
intensity is within one standard deviation of 67% of the time and randomly distributed such that a summation
over these differences has zero mean and unit RMS. If these conditions are not met, it is likely that artifacts in
the derived size distribution will result. Often it is necessary to scale the reported errors by a factor to achieve
converge of the MaxEnt method.
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As a point of fact, both MaxEnt and regularization are regularized methods of solution to the scattering equation
(9.1). They both seek solutions of the functional, Z,

92) E=x"-afS
where x> describes the goodness of fit, S is the applied constraint, and o is a Lagrange mutiplier used to ensure
that the solution fits the measured data to some extent.

For MaxEnt, the additional contraint is that the configurational entropy of the size distribution must be
maximized. Rather than be bothered by what this means when compared with the thermodynamic entropy, you
are asked to consider that this constraint enforces the principle that all histograms in the size distribution must
have a positive amplitude. To make the calculation of the entropy, an additional reference level must be
defined. Typically, this reference level (a.k.a., Sky Background, starting guess, a priori information) is about
0.01 of the maximum level of the final size distribution. One does not need to fine-tune this parameter and
should never be concerned with adjustments less than one order of magnitude. Too high and this parameter will
cause the solution to have upward tails at both low and high ends of the distribution. Too low and additional
scatter will appear in the distribution. The MaxEnt constraint imposes no correlation on the amplitudes of
adjacent bins in the calculated histogram size distribution.

Regularization method by Pete Jemian

The regularization method implemented here maximizes the smoothness of the calculated histogram size
distribution by minimizing the sum of the squared curvature deviations. The particular mathematics used here
do not prevent the use of negative values for the amplitudes of the histogram size distribution and this is a noted
behavior which must be considered to avoid. Often, it is possible to avoid the negative bins in the size
distribution by adjusting the fitting range, the bins in the histogram size distribution, or the background.

Total non-negative least square method

This is implementation of the “Interior point method for totally nonnegative least square method”. I have found
reference and method description for this method on line: Michael Merrit and Yin Zhang, Technical report
TRO04-08, Department of Computational and Applied Mathematics, Rice University, Houston, Texas, 77005,
USA. This publication was from May 2004, I have found it on the web posted in December 2004,
http://www.caam.rice.edu/caam/trs/2004/TR04-08.pdf

Basically, this is very interesting method, in which one starts with reliably positive solution, calculates gradients
using least square method to better solution and makes step towards this solution. The size of the step is limited
in such manner, that the solution (histogram bin content) cannot be made negative. If the step would make it
negative, the size of the step is limited in such manner, that the non-negativity is guaranteed.

The problem of this method is, that there does not seem to be any simple way of incorporating errors in the
calculation. Generic method which was suggested to me resulted in instability of the code. So, contrary to
MaxEnt method (which inherently uses errors), in this method the errors are used only to identify sufficiently
good solution.

Also this method seems to have major problem with the poor conditioning of the SAS problem — natural log-q
and log-I behavior of the SAS data. Therefore, it basically requires, that fitting is done in different “weighing”
of the data — for example 1*Q* vs Q etc...

10.2 Using the tool

This program uses one complex interface — a complex graph and panel for data input and manipulation. To start,
select “Size distribution” from “SAS” menu...

On the panel, which gets created, starting from top:
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1 select the “Use QRS checkbox™ (assuming you are using QRS named data as explained above).
2 Select data folder with data (see figure below)
3 Select wave with Q vector, other should be selected automatically (if not select right waves). Note,
that it is now not necessary to input error wave. See below...
4 “Graph”
New graph gets created.

i Test - Igor Pro 5.04B

E Al =10l x|
File Edit Data Analysis Macros Windows Graph Misc Help SAS
m’ (o] x| M IR1R_SizesInputGraph:IntensityOriginal vs Q_vecOriginal... =101 x|
Sizes input panel Kill window ) Remove pnt wicsrA [ Log Patfde size axjs?.
—————— [l Uschdm2data (Eemwistr ) (EeomAllsieatpoms ) L L09 Patticle Volume axs?
Measured data [ Use QRS data
Data folder: I root:SAS:ImportedData: Test data’: ;]
Wave with Xaxis data | Q_Testdata ~
Wave with Y axisdata | R_Testdata ¥
Wave with Eror data S_Testdata ¥
L . L . Ll
[ Diagnostics? [ Sit smeared data? gzm
10" %1& The sample evaluated is: 'r_Test data’' -
Distribution parameters g
Minimum iameter e 10° - K i
Bins in diameter Logaritmic binning ? [ yes ~ %,
S -
Fitting parameters 10 = |
Subtract Background ©Uso user ros? . &”s‘s% —
Contrast (dho"2)[10°20, 1/emé] 76} g Usesqtemos? | > 10 | %, ~
. Use % emors? 2] S
Muttiply Errors by : 06 ] c
0e_Jel O Use No emors? E] 3 _| %“’ ~
€ 10 Y
. -
Particle model “ay,
Select particle shape model | Spheroid 1 02 — wmx,,m —
Aepect Ratio [T 10} e
10" - B
£
Method: ® IPG/TNNLS O MaxEnt O Regularization III
NNLS approachparam.  [06 || 100 - ey L
NNLS max Num of erations [T00___ ]I Ty
o' %ﬁmf'rllﬁ»
— T T T T T — T i T L | T — T
Set range of data to fit with cursors!! 0.001 0.01 0.1
[ SweinDmFoier | | Run Fitting | oot SAS:ImportedData: Test data” R _Test data” QA" Monday, Nov 21, 2005, 8:30:19 PM
You need to store the results or they are lost!! A: IntensityOriginal | [ S 0 X: 000024848 Y: 6.3268e+07 | dX: 0.67552
B: IntensityOriginal _| pnt: 111 X: 0.67576 Y:0.27391 | av: -8.3268e+07
|Ready [ [

Leave the “Slit smeared data” set to no and “Slit length” set to NaN. If using the Indra data structure (UNICAT
USAXS data reduction), these fields are preselected in the proper form and should not have to be changed. If

the data are from different instrument (as here) and are slit smeared the macro can be still used. Providing user
selects correctly slit smeared data and inputs slit length in units of Q. I expect this case to be highly unlikely...

Next we need to setup some parameters.
Distribution parameters:

Minimum diameter & Maximum diameter — both are in A. These are limits of fitted distribution. Set
minimum to 25 and maximum to 10000

Bins in diameter — into how many bins you want to divide the range of diameters. 100 is a good number
— more points may be really slow on slower computers.

Logaritmic binning — if yes, the bins are binned logarithmically — i.e., the bins at small sizes are smaller
and at large sizes are larger, giving save width bins when plotted on axis logarithmically. This is very useful

setting for the wide ranges of sizes measured using USAXS instrument. If no is selected here, the bins are all
same width. Leave in yes for now...

Fitting parameters:

Background this is flat background to be subtracted from data. The red line in the graph shows current
value. Set correctly for this case to 0.1 or so

Contrast (delta rho squared) — if this is properly inserted, the data are calibrated... Leave to 1 since the
contrast is not known.
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Error handling:

There are four ways to handle now errors in this tool. The method is selected by four checkboxes lined
vertically next to the “Background and Contrast” fields...

1. “Use user errors” use erros input as wave. In this case the field: “Multiply errors by”’is available and
errors can be scaled as needed. Start with high multiplier and reduce as necessary to reach solution, which is
both close to the data but not too noisy.

2. “Use sqrt errors” — will create errors equal to square root of intensity (standard Poission error
estimate). You can multiply these errors by error multiplier. Errors are smoothed.

3. “Use % errors” — will create errors equal to n% of intensity. Field where to input the n appears. Errors
are smoothed.

4. “Use No errors” — use no errors — the weight of all points is the same. This is unlikely to be correct,
but this case allows to use fitting in “scaled” space — Intensity * Q™ vs Q, where m = 0 to 4. This helps to
mathematically better condition problem (similarly to using errors) and can yield sometimes good solution.
NOTE : at this time you cannot use this method (no errors) with MaxEnt or Regularization.

Comments:
MaxEnt works best with user errors or % errors.
IPG/TNNLS seems to work best with no errors and m = 2 -4. Reason is unclear.

The errors displayed in the graph will change as different methods are selected:
User errors, multiplied by 10:

NS R | L oo L Coo ool L T N N |

&
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SQRT errors, multiplied by 10:
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No errors, selected to use [*Q” vs Q “space” for fitting:
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Particle shape:

Particle shape model — the tool uses the same selection of form factors as Least square fitting. If you feel
you really need another shape, I can put it in. Same comments apply WRT speed as mentioned in Least square
fitting — “integrated spheroid” is using the most complex way to avoid possible artifacts, but is very slow.
Spheroid AR 1 is fastest, others depend on complexity of math and integration. The code has been internally
optimized to run as fast as possible.

Aspect ratio — anything, 1 is for sphere.

Method:

The default method is Maximum Entropy.

Size precision parameter is internal number which should not be changed too much. Most users should be happy
with default. Smaller the number, more precisely MaxEnt needs to match the chi squared...

MaxEnt max number of iterations — unlike Regularization, which has limit on number of iterations, MaxEnt can
go infinitely. Therefore maximum number of iterations need to be enforced.

MaxEnt Sky Background. While this is relatively complicated number internally, note the suggestion next to it.
Suggested value is 0.01 of maximum of the resulting volume distribution. The suggested value will be either
green or red, depending if the value in the box is reasonable. Accept the suggestion and you will be happy.

IPG/TNNLS
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Method: ® IPG/TNNLS O MaxEnt (O Regularization

NNLS approachparam.  [06_ i)
NNLS max Num of kerations [T00__ |5}

Scaling power ? | 2 vl

Set range of data to fit with cursors!!
( StoeinDasFoider | [ Run Fitting |

You need to store the results or they are lost!! |:

Ready |

Approach parameter is the step size (from maximum) which will be made in each step towards calculated ideal
solution. Basically convergence speed, but too high number will cause some overshooting and oscillations. For
most practical purposes seems to work fine around 0.5-0.6.

NNLS max number of iterations — limits number of iterations. Change as needed.

Scaling power — this is how Intensity will be scaled to improve the conditioning of the problem.

Regularization
Has no additional controls.

Buttons part

“Run fitting” runs the above selected method.
SAVE THE RESULTS button — if you do not push this, the data are not copied back into the sample
folder and are overwritten with new data.

Getting fit.

First select range of data using the cursors. Set rounded cursor on point about 30 and squared on point 89 or so.
Note, that you can vary the range of fitted data between the fits.

Push button “Run internal MaxEnt”. Solution should be found as in the figure below...

If the parameters are too restrictive you may get error message, that solution was not found. In such case check
minimum and maximum diameter settings, check the error multiplication factor etc. Generally I suggest starting
with higher range of radii than needed and higher error multiplication factor. Then reduce as needed. Also
check the shape.
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This is rough fit for the data in the graph — and for purpose of description of this graph now.

Now let's get to explanations:

The green points are the original data points.

The red points (top part of graph) are points selected for fitting (without background)

The blue line (very difficult to see) is the fit obtained by the fitting routine

The bar graph is the particle volume distribution (use top and right axis)

In the low graph

The red dots are normalized residuals. Ideally these should be random within +1 and —1, this structure suggests
some misfits in some areas.

To get better results one now needs to play with the parameters. I suggest reducing maximum diameter to about
4000A, reducing multiply errors by to 3, fixing the MaxENt sky background and the running the same routine
again. Following is the result:
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This shows, that we have bimodal distribution of scatterers. By the way, these data are from mixture of two
polishing powders.

And now the IPG/TNNLS method:
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Fle Edt Data Analysis Macos Windows Graph Misc Help SAS
B Size desirnta [ [=] 4] { B2 1R1R_SizesInputGraph:Modellntensity vs Q_veG... E =10 x|
Sizes input panel Kill window ) Remove pnt wicsrA ) Log Particle size ais? ~ Chisquared reached [55.3793
— [ Uselndm2data Rewvinsow ) (Remm Al pons ] L Log Patticle Volume 2457 e of fited poirts [63 |
Measured data [4 Use GRS data
Data folder: | root:SAS:ImportedData: Test data” ¥ |
Wave with Xadsdata | Q_Testdata ~ Particle diameter [A]
Wave with Y axis data | R_Test data 'I Method used: NNLS
100 1000 Number of iterations =9
Wave wih Erordata | S_Test data ] 3 4 5 8789 2 3 4 5 67839, 2 3 4
L N S S i | 1 M S S R | 1 )
[ Diagnostics? [ Sit smeared data? T
7 -
10" [The sample evaluated is: 'r_Test data]
Distribution parameters 5 i ~ ax1 0-3
Minimum diameter Maximum diameter 10 LI | ;“U
o S =
Binsin dameter [0 1B]  Logarkmicbinring 2 [ yes -] 10° . i
®
Fitting parameters % 4 3 <
® Use user erors? = 10 o —
Subtract Background | = l S N o
Contrast (dtho™2)[10°20, 1/cm4] [T O Usesqteros? | € 10° h @
Mutply Errors by : O Use % emors? o>
: O Use Noemors? 2 7 2 =
10" 9]
Parficle model \ n =
Select particle shape model | Spheroid . 10 19
Aspect Ratio [T} 10° -
Method: ® IPG/TNNLS O MaxEnt O Regularization o 10.1 I
© N 0
NNLS approachparam.  [06_____ &) 2 — 2 bssiintensity  Units: R ) ~
NNLS max Num of terations [100_____J[&] @ 2 o%x\gmgﬁz%m Units: ettt e e T L
(Y === _2 -SizesFitintensity Units: ‘ —
T Domodfag oUgie T T ——
Set range of data to fit with cursors!! * NomalzaResiual  Unfgnq 0.01 0.1
( Store in Data Folder ] | Run Fitting ] r00t:SAS:ImportedData: Test data"R_Test dats’ Q [A-1] Monday, Nov 21, 2005, 8:45:22 PM
You need to store “mmmmml! tensityOriginal I:D pnt: 30 X:0.001783 Y: 5.4399e+05 dX: 0.086602
: IntensityOriginal pnt: 92 X: 0.088385 Y:0.36624 dY: -5.4399e+05
|Ready [
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This is solution with user errors. Note, that the solution is basically very similar to MaxEnt.

{f Test - Igor Pro 5.048 i Al =10 x|
File Edit Data Analysis Macros Windows Graph Misc Help SAS
o ] 3] ?EIRlR_SizesInputGraph:ModelIntensity Vs Q_veg... F =10] x|
Sizes input panel (iivistor ) (CRemowpmwish ) [ Log Paticlesize@is?  Chisquared reached [7438Te+09
—— [ Use Indra 20eta (e ) (Ao ) LI 109 P Vome 2657y rper o ited points [T
Measured data [ Use QRS data
Datafolder: | root:SAS:importedData: Test data™ ¥ |
Wave with Xaxsdata | Q_Testdata v Particle diameter [A]
Wave with Y axisdata | R_Testdata ¥ Method used: NNLS
100 1000 Number of iterations =50
Wave with Eror data S_Testdata ¥ 3 4 5 6 789 2 3 4 5 6 7 89 2 3 4
1 N SR | | 1 S S| | ) |
— T o v . 3
[ Diagnostics? [ Sit smeared data? o |The sample evaluated is: 'r_Test data | - 5x10
7 .
107 e
Distribution parameters 6 oy Il
Minimum diameter Maximum diameter 10" 7 n 4 3
- ~ =3
Bins in diameter Logaritmic binning ? | yes vl 1 05 — | g
Fitting parameters Z s
O Use ? 2 10 F3o —
Subtract Background R g o —
Contrast (dtho"2)[10°20, 1/cmé] O Usesates? | £ 3 N o
O Use % emors? 10" e
® Use No emors? 25
Scaling power ? | 3 VI 102— g'
Particle model =
Select particle shape model | Spheroid ¥ 101 - _19
Aspect Ratio [T ][0} )
10"
Method: ® IPG/TNNLS O MaxEnt ) Reguiarization ® 1) T 0
NNLS approach param. 3 —20M Units: C
) 2 @ “Q clmentResuitSzeDistribution  Units: L
NNLS max Num of terations [50_____]|©] ® g 8 = z'e:"yesuunz: istribution  Uni -
4 01-2 SlzesFitintensity  Units:
-40x10 hekquundave Unts: . =
N endyonkia Tne " T T T T T T T T T
Set range of data to fit with cursors!! * NomaledResidual  Unig 4 0.01 0.1
[ swoeinDmFouer | | Run Fitting | root:SAS:ImportedData: Test data’:R_Test data’ Q [A_1] Monday, Nov 21, 2005, 8:48:33 PM
You need to store the results or they are lost!! A: IntensityOriginal . pnt: 30 X:0.001783 Y:5.4399e+05 | dX: 0.086602
B: IntensityOriginal X 0.088385____ V. 0.36624 Y -5.43982+05
Ready [ [/

And here is solution with no errors, but scaling by Q’. Less noisy. Note, that in this case the IPG/TNNLS
method is stopped by the Maximum number of iterations. Less number of iterations, less noisy solution — but
may not be close to measured data...

NOTE : at this time you cannot use this method (no errors) with MaxEnt or Regularization.

Saving the data copies waves with results into folder where the measured data originated. Also, it is possible to
have various generations of data saved. In order to give user chance to find what each saved result is, following
dialog is presented:

Sizes input for comment 21l

Modify comment to be saved with these results
BFR esult from & Sep 11, 2002 5: PME

coce_| o |

Here user can write ANYTHING, as long as it is bracketed by the QUOTES. The QUOTES are VERY
important.

If user tries to start Size distribution macros in folder, where saved solution to this method exists, he/she is
presented with dialog, which allows one to recover most of the parameters used for that solution.
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Select solution to recover
I SizesVolumeDistribution_0* Result from Sizes Wed, Sep 11, 2002 5:12:42 PM L]

cocet_| o |

Therefore it is possible to start from where he/she left off. Also it is possible to start fresh - just hit cancel in
this dialog - when parameters are left in the state they are left in after last fitting (or in default if this macro was
not yet run in this experiment.

Resulting waves:

Following waves are created in the folder with data, when saved from this macro (_0, 1, 2, etc are different
generations of solutions saved by user):

SizesNumberDistribution 0

Contains number distribution data
SizesVolumeDistribution 0

Contains volume distribution data
SizesDistDiameter 0

Contains Diameters for the other waves which need it
SizesFitIntensity 0

Contains Intensity of the model
SizesFitQvector 0

Contains ) vectors for the above Intensity wave

File Edit Data @&nalysis Macros Windows Misc Help SAS2D SAS

Il Data Browser

Current Data Folder:
#Iroot :SAS: ImportedData:Test data:

i~ Display——— = -
! vV Waves ’ ___I
| ¥ Variables =13 oot

IV Stings -
¥ Info 3] i Packages
P Pa &[0 8AS

New Fold B ImportedData
—————Jew Bt = &.-[23 Test data
vvvvv Q_Test data

Save Copy

Browse Expt...] ------ R_Test data
Pepmly| @000 S_Testdata

....... SizesVolumeDistribution_0
SizesDistDiameter_0
Preferences..{ { i SizesFitintensity_0

..... SizesFitQvector_0

»»»»»»» SizesNumberDistribution_0
--[# SizesParameters_0

Delete

1

Execute Cmd

Comment, each of these waves contains WaveNote (see below at the bottom of the figure), which contains most
of the details about how the particular results were obtained:

These are the parameters:
SizesDataFrom=root:'Test data':
SizesIntensity=Intensity
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SizesQvector=Qvector

SizesError=Error

RegNumPoints=40

RegRmin=12.5

RegRmax=2000

RegErrorsMultiplier=3

RegLogRBinning=yes

RegParticleShape=Spheroid

RegBackground=0.12

RegAspectRatio=1

RegScatteringContrast=1

RegSlitSmearedData=No

StartFitQvalue=0.001783

EndFitQvalue=0.068163

Reglterations=12

RegChiSquared=60.45

RegFinalAparam=1.8853e+07

UsersComment=Result from Sizes Wed, Sep 11, 2002 5:12:42 PM
Wname=SizesDistributionVolumeFD 0

Most of these parameters should have self explanatory names. This is where user can figure out what happened.
Further some parameters are also saved in the string with name “SizesParameters 0 such as
MeanSizeOfDistribution.

© Jan Ilavsky, 2009 103



Irena manual, version 2.37, February 2010

11. Pair distance distribution function (PDDF, p(r))
11.1 Model description

This tool calculates Pair distance distribution function as generally defined in the small-angle scattering theory
(see any basic SAS book, like Glatter/Kratky 1982, page 27, formula 29):

1(Q) = (Ap)’V f 4z’ dry,(r)

‘néQr) (Ap) VE4m2Ar}/0( ==

sin(Qr)
Qr

where the (Ap) V is contrast/volume of the scatterers (simply scaling) factor. This one is neglected in this tool
and set to 1. This is how GNOM does it also.

The PDDF is y,(r) and r is the distance (in A).

This tool uses two different methods to achieve its goal — Regularization (by Pete Jemian) and Moore’s method
(Moore, P. B. (1980). J. Appl. Cryst. 13, 168-175.). Both seem to have some advantages and disadvantages. The tool
was tested against generally accepted GNOM by D. I. Svergun (EMBL). Test cases available to me yield same
results and GNOM.

NOTE: I have observed significant changes on the calculated PDDF with changes with maximum dimension
assumed and with errors scaling. My observations are noted in text further below.

Comment on graph formatting... This tool uses same default font and font size setting as other tools. You can
change font sizes and used font for legend, text boxes and tags in “SAS” - “Other tools”-“Configure common
items”.

11.2 Use of the tool

Test data for this tool are included in the Irena folder distributed in the zip file and should be in your Igor Pro

folder/User procedures/Irena
ann Import data () () (7 FilePreview:PDDF_testData_SAS.dat

. [_Data R_Data 5_Data "]

Import Data in Igor 0.009502 0.11870.0108 W
001005 0.10670.008979

001056 009787 0.007416

( Select data path ) 001109 009262 0006092

0.01161 0.05744 0.004359

- 001214 00AZ54 0004085
Data path : | prg HD:Users:ilavsky:lgor Pro Folder:User Procedures:lrena: 001267 0.07752 0.00336
5 B e 0.01320.07244  0.002795
T p———— R 001372 006712 0.002369
UAS fafi” RN it [ Skip bines? 001425 006239 0.002063
FODF _testData_GnomPr dat g-g : gg? ggg;gz g-gg‘zggg
FODF tesiData_SAS.dat T ) Foviw ) 001584 004883 0.002171
SphetesSZ0ADIa_Tnode Data.dat 001636 0.0444% 0001692
t  Err QErr| 001683 0.04031 0001345
001742 0.03650.001115
001795 0D03ZEZ 00003475
001848 0.025946  0.0008478
0.019 002639 0.0008072
001953 00Z353  00D0G345

Column 2
Column 3

(Rl & 002006 0.02077 0.000877
Column 5 002059 0.01830.0009
Calumn & 00z111 001622 00008929
002164 001420 0.000831
Found columns = (3 |[5] 002217 001255 0.0007237
002270011 0.0006421
M avec units (an-1] 002325 0.009663 0.0005964
[ awee units [nmA-1] 002375 0.008585 0.0005781
007426 0007651 0.000589
002431 0006861 0.0006266
( Sceaal ) [ DesletAl ) 0.02534 0.006212 0.0006806
002587 0.005697 0.0007253
™ Use File Nms As Fldr Nms? [7] Include Extension in fidr nm? 0.02639 0.005284 0.0007446
[] Use Indra 2 wave names? [) Scale Imported dat? 002692 0.004975 0.0007453
™ Use QRS wave names? ] Use QIS (NIST) wave names? 0.0z745  0.004779 0.0007189
002798 0.004648 0.0006572
[— 0.02850.004581 0.0005674
Selact cata foldar (=== FeY 002903 0.004566 00004521
New data folder: [ root:SASImportedData: <hleName=: 0.02956 0.004587 0.0004025
- 003009 0004637 0.000334
Qelmmesl (}_cfleNsme 003062 0.004701 0.0002802
iesnity rames[ 7 Hieroras 003114 0004786 0.0002429
Impor: 003167 0.004865 0.0002214 |
Error wy names [5_<flieName:> 0.03220.004951 0.0002157 i
003275 0.005021 0.0002238

ADa B & DRI /
These data contain Q/Int/error and included is also GNOM generated PDDF in the similarly named file (see

figure). These can be used to compare the results.

Load data in Igor as seen in the above figure and the follow next steps.
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Following GUI is available from SAS menu (under Pair Distance dist. Fnct.)

S

Pair Distnce Dist function panel

600

Pair distribution function

Pair Distance Dist Fnct input panel
. [ Indra 2 data
Data input & qrs () [ srcta

Data folder: I'r'om:SAS:Impcurted[)a'ca:PDDF;celealeLSAS‘ %]
Wave with Y axis da. (R_PDDF_testData SAS [+
Wave vith Eor data(S_PDDF_testData_SAS 1%)

Model input

Regularization l Moare

Maximum r [A] [335.279 [
Bins in radii [ 101 [

(" Guess maximum

Subtract Background : o @

Errors handling:

(®) User errors? (O sart emors?

0855 |[1]

() % emors?
Multiply Errors by :

( Save Resulis 3 ¢

Run Fitting using Regularization )

[ Kill window )

[ RemovepmiwicstA )

(" Resetwindow )

( Retumn All deleted points )

[] Log Particle size axis?
[] Log Particle Wolume axis?

Intensity

T

o

ES
£
T
=
3
=
=
E

The sample evaluated is: R_PDDF_testData_SAS

T
0.0

z

oot TATirportediot: FIDF_testData 0T R_FOOF_testData_Tat

] S sug 20, 2008, 30 20|

In this GUI I have already selected the test data and pushed button “Graph”. This created the input graph on the

right hand side.

Model Input selection:

PDDF modeling requires few right choices... Here are some suggestions how to get the right values for

analysis...

1. Maximum r. Generally this is maximum distance for p(r) (=PDDF) function. For relatively spherical particles
it is close to 2*Rg, for less spherical particles can get larger, may be up to 4* Rg. It is important to guess large
enough number, but not too large. To help, you can try using the button “Guess maximum”. In this case the
code will attempt to fit one-level Unified fit to the data and provide guess for Rg. Maximum r is set to 2.5*Rg.

Here is result in this case:
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aOA Pair Distnce Dist function panel Pair distribution function

Pair Distance Dist Fnct Hipufpa‘nel (" Kill window ) Remove piwicsrA_) [ Log Particle size axis?

[ Log Particle Valume axis?

. [] Indre 2 data ( Reser window R All deleed poinis
Datainput § grscas) [ sreeen ‘

Data folder: "ron(:SAS:ImpnrledData'PDDF_te;lDala_SAS" :]
Wave vith ¥ axie data (Q_PDDF_testData _5AS [+
Wave with ¥ sis dxta(R_PDDF_testData_SAS 14
Wave with Ere data(S_PDDF_testData_sas [+] S

10
( i ) ] "
S L— ] The sample evaluated is: R_PDDOF_testData_SAs
Model input b

I Regularization | Moare

Maximum r (4] [335.279 |2 | Guess maximum |
-z
Bins in radii [ 101 7 1072 4

Subtract Background @ [O [l

Errors handling:
(®) User errors? () sart emrors? () %errors?

Multiply Errors by © D.855

Intensity

( Pastcw Nowhook )

T T T T T —— T
z E] 4 5 A - z
( Save Resuls Y ( Run Fitting using Regularization ) 0.01 Q.

A et EATIFRortediets FIDF_ b iData_T0SA_POOR_ tetouta_SAT Q [A’ ! '| B g 3.2000. 312880 ]

Note, this fit is not exciting, but the Rg is actually quite good, as you will see later...

2. Next one needs to choose number of bins. Too large number slows down calculations. I am not sure if higher
numbers are of much use.

3. Subtract background — if there is some flat background in the data still left, one can subtract it here. Moore’s
technique can fit the background. Test data really do not have any background left.

4. Errors handling. There is no perfect selection here. One needs to play and get the right errors handling here.
Many SAXS data reduction tools do not produce meaningful errors and each technique required somehow
different error handling. “sqrt errors” are meaningful ONLY if the data are still in “counting” statistics. Rare
case... However, there are some ideas about the right approach here:

Regularization

Start with higher error multiplier (for User errors of sqrt errors) and then try fitting with decreasing error
multiplier. At some point the fit will look good — and when multiplier is decreased even more, the fit will start
failing. Lowest multiplier when you can still get fit is probably close to right...

Moore technique

Uses least square fitting. I had better success with using fractional errors. Again, reduce errors to force good
with within reasonable number of iterations.

Regularization

There is nothing more needed, just select range of data to fit (probably whole range, but can be limited using
cursors) and push fit button:
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OO0 Pair Distnce Dist function panel

Pair distribution function

800

Puair Distance Dist Fnct inpul panel
R [ indra 2 data
Data input ﬁ QRS {QIS) [] SMR data

Dats foider: [roOU:SAS:ImportedData:PDDF_testData_SAS: [+

Wave with X axis data [Q_PDDF_testData_SAS BC
Wave with ¥ axis data (R_PDDF_testData_SAS [+
Wave witn Error data [S_PDDF_testData_SAs [+

Model imput
Regularization | Moore
Maximum r [A] [335.275 &
Bins in radii [ 101 [
Subtract Background : [0
Errors handling:
(®) Usererrors? () sart errors? () % erors?
Multiply Errors by © 0835 |7
( Save Results 4 ¢ Run Fitting using Regularization )

( Killwindow ) [ RemovepmswiesrA ) [_] Log Particle size axis? Chisquared reached [476.856

0 ; 7
(Resetwindow ) ( Rewm All deloted points ) 08 Parieie Volume STy e of ftved paints [877

Distance [A]

Method used: Regularization
Murnber of iterations =12

al 50 100 150 200 250 300
| | | | | | |
10" |The sample evaluated is: R_PDDF_testData_SAS| |- 80x] o
5 - 60
107% o g
> 5 iy B H 2
% 1 o Fit using Regularizaticn b - 40 gr
= Maximum extent 335.28 A =
- -3 Radius of Gyration = 118.48 A 5
1077 =~
] Background O =
] 2
] 20 g
1074 3
] -0
g O r v — ___,w’”.“:ﬁi#
0F o -dunResdtd s -7
=] Interfrty Uik L .
T : N :

¥

s Wi
- L eadual  unis:
reotSASIFportedets POGF_testhata T45 R_POOF_testDats_SAT

ora

T g 29, 2000, TAEATAM

And here is result... One can see the PDDF, below graph are normalized residuals, provided is Rg and fit int eh

graph.

Moore technique (indirect Fourier Transformation)
Select the tab with “Moore” and then see below:

P

Pair Distnce Dist function panel

Pair distribution function

800

Pair Distance Dist Fnct input panel
. [] Indra 2 data
Data input & gas ais) [ s daca

Data faider: [ro0t:SAS: | mportedData:PDDF_testData_SAS: [+

Wave with X axis datz[Q_PDDF_testData_SAS [+

(_killwindow ) (_ RemovepmwiesrA ) [ Log Particle size axis? Chisguared reached [ 476.856

0O ; js?
( Resswindow ) ( Rewen All delored pones ) — -0 Particle Velume axsT e of fitted points [477

Distance [A]

Method uzed: Moore
Murnber of iterations =3

Wave witn ¥ axis data (R_PDDF_testData_SAS [+ S0 100 150 200 250 300
| 1 1 1 1 1 1
|5_PDDF D SAS B: - .
Wavewath Erordata 13 e 107" E| |The sample evaluated is: R_PDDF_testData_SAS
] L aox107®
Model input ]
Regularization [ Moore ] 1072 .
Maximum r [A] [335.279 3 - G0 T
Bins in radii [ 101 ] ] e o
i) i e Fit using Moore's indirect Fourier transform B
Subtract Background : [0 [+ @ e Mandm um extent 33528 + 0 = 2
. o 10'3 = i 27 basis functions used L 40 &
Errors handling: £ 3 Scale Factor = 0118357 + 0.0015049 g
3 e ©) St avoxs? @ s errors? ] Radius of Gyration = 121.7 + 0.58666 = =
FETEm ] Background O+ 0O 3
¥ errors touse ZB3E1Z Reduced Chi Squared 7.3355 =
107 20 =
Moore number of functions: | 27 [&] 3
™ Determine numbsr of functions? ]
[ Fit background? e
[ Fit maximum size? 1075 - o
s 3
™= 20 —
z
-g [0 R FEETTLLLL v—.‘_w_
[= =] iRl tFdk Lnits
. . e — —
T Ddkdndaee s 2 3 4 5 6 7 & 9 2
€ Save Results 3y € Run Fitting using Moare method ) L 0.1
ot S ATdRp hedCata POOF _tes toata TOT R_POOF_testhata_Sat Q [A_I] S dug 20.2000. 5793 4N

Note, that one has more controls:

“Determine number of functions” — that is useful to make sure reasonable number of function is chosen... |
suggest using it, unless you have reason not to.
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“Fit background” — if there is flat background left in the data, you can try.
“Fit maximum size” — you can try, but in my experience resulting maximum size seems too low.

11.3 Semi-GNOM file and other output data methods

There are three buttons to use with three different methods to output data.

New in version 2.31 is output of Semi-GNOM ASCII file for use in other ATSAS packages. ATSAS is well
known package of programs from Dmitri Svergun,
http://www.embl-hamburg.de/Externallnfo/Research/Sax/software.html . GNOM is program which performs
regularization method of PDDF analysis, same as PDDF in Irena package. Its output file is being used by all
other ATSAS programs, such as DAMMIN etc. A user has requested that I provide method of outputting output
file compatible with GNOM to use with results from Irena PDDF tool.

The GNOM file format does not seem to be publicly described and therefore, I had to reverse engineer which
parts of the GNOM file are actually important for other programs and formatting of all different fields, as the
formatting seems to be really unusual and obsolete.

The provided data format has been tested on DAMMIN PC version 5.3 and attempts to follow the GNOM file
version 4.4 included as example with DAMMIN. I cannot guarantee any functionality. If you find case when it
does not work, send me the Igor experiment and all other related details and I will try tooimprove the
compatibility, if I can.

Note, not all parameters printed in the output file are meaningful for Irena PDDF tool. Some of them are there
because they just seem to have to be there.

Here is snippet of the GNOM output file, red are my comments

sk sk sk sk sk ke sk sk sk sk sk s sk sk sk sk sk sk s sk sk skeosk sk skokosk sk

#i#H#Ht GNOM --- Version4.4 ####Header, must be here
Thu Sep 25 08:44:00 2008 Date, meaningful
=== RunNo 1 === meaningless
Run title: root:SAS:ImportedData:lyzexp:R_lyzexp Your data name, meaningful
*xdxkEE  Input file(s) : R lyzexp meaningful
Condition P(rmin) = 0 is used. meaningless
Condition P(rmax) = 0 is used. meaningless
Highest ALPHA is found to be 1 meaningless
HHHHt Final results HiH meaningless
Angular range : from 0.0414 to 0.4984 meaningful
Real space range : from 0.00 to 50.00 meaningful
Current ALPHA : 0.10E+01 Rg: 0.153E+02 I(0): 0.655E+01 Alpha is meaningless, else is meaningful
Real spacerange : from 0.00 to 50.00 meaningful
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S JEXP JREG IREG meaningful
0.0000E+01 0.6555E+01 meaningful
0.2299E-02 0.6552E+01
0.4598E-02 0.6544E+01
0.6897E-02 0.6530E+01
0.9197E-02 0.6512E+01
0.1150E-01 0.6488E+01
0.1379E-01 0.6459E+01
0.1609E-01 0.6424E+01
0.1839E-01 0.6385E+01
0.2069E-01 0.6341E+01
0.2299E-01 0.6291E+01
0.2529E-01 0.6237E+01
0.2759E-01 0.6179E+01
0.2989E-01 0.6116E+01
0.3219E-01 0.6048E+01
0.3449E-01 0.5977E+01
0.3679E-01 0.5901E+01
0.3909E-01 0.5822E+01
0.4138E-01 0.5904E+01 0.7150E-01 0.5739E+01 0.5739E+01 meaningful

0.4372E-01 0.5652E+01 0.7020E-01 0.5651E+01 0.5651E+01
0.4605E-01 0.5533E+01 0.6995E-01 0.5560E+01 0.5560E+01

Distance distribution function of particle meaningful
R meaningful
0.0000E+01 -0.5838E-03 0.5818E-04 meaningful
0.5000E+00 0.6171E-04 0.4782E-04
Reciprocal space: Rg= 15.252 | I(0) = 0.6555E+01 meaningful

Real space: Rg = 15.252 +- 0.000-00 I(0)= 0.6555E+01 +- 0.000E+00

except for errors.

Other methods of saving data...
“Save results” copies wave with results into originating data folder. Copied are both model intensity and Q
vector, as well as normalized residual. Also copied is PDDF and associated size wave. All of these waves have
wave notes with all parameters and are recognized as results by Plotting tool, Data export tool and other Irena

tools.

meaningful,

“Paste to Notebook” copies graph and somehow formatted summary of result into speciual notebook (created if
necessary) for printing and future review.

© Jan Ilavsky, 2009

109



Irena manual, version 2.37, February 2010

800 ResultsNotebook
.0 1 1 1 1 1 1 !2 1 1 1 [EA 1 1 !4 1 1 1 B 1 1 !6 1 <|
o] EEEE e

Results of Pair distance distribution function fitting

Date & time: Sun, Aug 24, 2008 4:03:11 AN
Data from folder: 100t:8 AS TmportedData PDDF _testData_SAS
Intensity: F_PDDF_testData_SAS
Q: Q_PDDF_testData_5 AS
Ertor: S_PDDF_testData_SAS
Method used: Moore
Distance [4] bt o T e
o 50 100 150 200 250 300
1 1 L 1 1 1
10 [The sample evaluated is: R_PDDF _testData_5as |
E - sox1d
2 i
10 o A 60
3 5 -
- . 2
El 1 Fit using Moore's indirect Fourier transform &
E Maximnum extent 335 258 + 0 = &
5 g - 27 basis functions used L 4a E
E 3 Gcale Factor = 015357 £ 0.0015049 :|.
Radiuz of Gyration = 121.7 £ 0.58066 ~ = E
Backqround O+ 0 Hl
Reduced Chi Squared 7.3355 2
107 5 lzo 8
b
L [u]
10° o
3 2o -
H
z [ R i T LR
E -
Tl I L I
P ol Uk [IN]
5 T TSP e, SR 505 nia’'l Sy g 4, R, 5

Fit using Moore's indirect Fourier transform
Maximum extent 33525 + 0=

27 basis functions used

Scale Factor = 0.18357 + 0.0015049
Radius of Gyration= 121.7 + 0.38666 =
Background 0+ 0

FReduced Chi Squared 7.3333

You can access this notebook (if exists) from “SAS”-“Other tools”-“Show Results notebook™ menu. You can
save the notebook as RFT file, which then can be edited in any Word processor.
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12. Fractal model

This model has been developed by Andrew J. Allen from NIST (Andrew.allen@nist.gov). The model allows to
combine two volume and two mass fractals in much similar way as the Unified model does. The parameters
from this model have advantage of being more “fractal-related” than the values from Unified. There is short pdf
file included in the distribution which served as basis for my design of this tool. Note, that this tool is actually
port of Andrews original Fortran code into Igor, my code was verified to give same results as this Fortran code.

Note, that this write up was written for studies of cement and therefore some of the terms are material-
specifically called.

12.1 Model description

The model predicts Q'DV scattering (1.e. between Q'1 and Q's) for mass- or volume-
fractals, and Q'(é'Ds) scattering (i.e. between Q'3 and Q'4) for surface-fractals. In the

model function for d2/dQ as a function of Q, there are four components:

dX/dQ = {VOLUME FRACTAL + SINGLE GLOBULE} TERM

+ SURFACE FRACTAL + FLAT BACKGROUND SCATTERING [1]

These components are incorporated into the full theoretical expression as follows:

= ch & .( sin | (Dy -1 )arctan (QEy | | ’ ,
= dcsuV,y ! [ - :\__]1 7+ \1-m) ' F Q]
@ BRI R D1 1+ (e, /] |
ak:|Ap| ST (5-D;)sin | (3- D) arctan |
of IE =3 + BACKGROUND 2]

1+l ]

The first volume-fractal term contains ¢-gp. & and the mean radius, R . and shape

aspect ratio, B, of the building-block C-S-H gel globules in the volume-fractal phase, here

assumed to be spheroids. It also contains a local volume fraction, 1, and the mean

correlation-hole radius, R.: the mean nearest-neighbor separation of the gel-globule

centers. R.. assumed to be weighted over spheroid surface-contacts, is given by:
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where:
xo = (20 e [p21-p? ({1 1-p2 )ip )} forp <1 paa

and

s, = (1/2p)11 + [p2/p* =1 |arcsin ({p2-1/p)} forp>1 [4b]

In fitting the data, the need to incorporate R, with , and a well-defined single-globule

term (in addition to the volume-fractal) in the first bracket of eq. [1], is strong evidence
for a solid volume-fractal phase. A well-defined single-globule term arises because,
unlike the case of fractal pores in clays and porous rocks, nearest-neighbor solid particles
cannot exist inside each other, 1.e., their centers cannot approach, on average, to within
R.. This correlation-hole effect means that, for length-scales of order R, the individual
particles are seen as distinct objects, even when incorporated into an aggregated structure.

For a spheroid of aspect ratio, p. the form-factor for a single globule, F2(Q). is given by:

| 2

' a2 12142
Py | 1, QR 1+ (p7-1)x7] Jex 5

o (R 1+ (pro1)x]

T

F’ Q) = 5

where Vp = (4ﬁnR03€'3). J3/7(x) denotes a Bessel function of order 3/2, and X 1s an

orientational parameter, here integrated over all orientations of the spheroid with respect
to Q. Use of a mildly spheroidal globule shape avoids the pronounced Bessel function

oscillations for spheres (B = 1), which can perturb the fit at high Q. Satisfactory fits are

obtainable with both mildly oblate (f = 0.5) and mildly prolate (f = 2) aspect ratios,

giving globule sizes equivalent to a 5 nm sphere for cement.

The surface fractal term in eq. [2] includes &, the mean upper limit of surface-fractal
behavior at which the measured smooth surface area per unit sample volume is S. (The
term, I'(5-Ds) is a mathematical gamma function.) The BACKGROUND term refers to
the incoherent flat background scattering, and it is usually subtracted out of both data and
fits for convenience.
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12.2 Use

I do not have included real fractal data, but for purpose of GUI description and function description, the

included data should be sufficient.

Start the tool from SAS menu under “Fractal model”. GUI panel similar to all other tools appears, select “Use

QRS data structure” and pick the data set available. The push “Graph” button to create graphs.

Note, that the “Subtract background” variable next to data selection allows to subtract known FIXED
large background. The “SAS Background” at the bottom is similar term, but this one can be fitted during the

fitting routine.

Select “Use mass fractal 1” for starters and other checkboxes as in figure below:

Il Fractals model

=1olx|

Results: | swre mDuaFoldr | EgpotASCI | Resubstognphs |

Note, that you can combine ANY combination of the two mass fractals and two surface fractals.

Comments on Mass fractal parameters:

Fractals model input panel i + Exoerimental mtansit :
: i [ Use Indra 2 data structure 1[‘_‘|7 = R *perimental intensity .
Experimental data input Sora, —— Fractal model calculated Intensity
Il Gt dals i s N et © Standardized residual
il . . o 0 (N 2eee °
Select folder with data: ] root:5AS: ImportedD ata:'Test data’” ;] 10 _4\.&”\«\ " — - - Mass1FractFitintensity
Wave with O data l 0_Test data 'l - * " - 20
3
Wave with Intensity data l _Test data " . 107
Wave with Eror data l s_Test data 'l g 10‘ :
Subtract backaround IT:I@ % |
P [ Use Mass Fractal 17 § 10'1 —
Fractals model input ; [ Use Mass Fractal 22 £ _
Update automaticaly? [ Use Surf Fractal 12 3
Display single fits? [ Use Surf Fractal 22 10 7
N
5
| Mass fractal 1 controls | Fitz: Low limit: High Limit: 107 7
Particle volume  [0.1 |=| O [001 ] [ | 10_? :
Radius rguu—[g D hu_l 70000 T LR | T T T T T T LA LR | T
Dv [fractal dim.) [2 =) O 0 Kl 0.001 U‘CD;[A.‘] o1
Correlation length [500 =Y O [o | [10000 | [O A: originalintensity | o [ent:0 X:0.00024646  Y:6.3268e+07 | dX: 067552
B: Originallntensity X:0.67576 Y:0.27391
Patticle aspectratio: 7 2 (2 )@ ) | |
Contrast [+ 10°20] |
Wolume filling 1g + Experimental intensity Q4 K
Intemal Integration Num prts —— Fractal model Calculated intensity * Q4 '
=t
<
=]
*
Pand
SAS Background [0.01 18] step [0.07__| [ FitBekg? §
Fitusing least square fiting ? [ Rt | [ Revmbax | 2

Most parameters should be closely related to the ones mentioned above in description of the method.

Particle volume — volume of particles
Particle radius — size of the particle
Dv - fractal dimension

Correlation length — distance between the particles
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Particle aspect ratio — 1 if particles are basically spheres, larger than 1 — elongated particles, lower than 1
prolated particles. Particles are always spheroids.

Contrast — contrast...

Volume filling — see above

Internal integration Num pnts — internal parameter. Number of point in the numerical integral which I use to
calculate orientational average of the particle form factor. Small number of points (especially at high aspect
ratios) can cause artifacts. Large number of points increases significantly calculation time. My suggestion is to
lower the number of points to find a good starting conditions and for final fitting may be increase, or to
recalculate for testing results with higher (double) number of points at the end — if no change is observed, the
number of points is selected correctly.

Suggestions: check solution for particle aspect ratio 2 and 0.5, keep integral integration num of point reasonably
high (over 100 for sure, likely around 500) and change it only if you seem to see artifacts. Keep volume filling
between about 0.4 and 0.6.

Now select “Use Surf Fractal 1” and deselect the mass fractal:

M Test - Igor Pro 5.03

File Edit Data Analysis Macros Windows Panel Misc Help SAS2D SAS
5 B[] 5] §:™™LogLogPlot i : =10] x|
. Lol |
Fractals model input panel i3

Il Fractals model 5

i i [ Use Indra 2 data structure 107 R o + Experimental intensity .
Experimental data input "o, 5 —— Fractal model calculated Intensity
[M Use ORS data structure e, ot ! . 0
< -1 et C©  Standardized residual .
Select folder with data: | root:5AS:ImportedD ata: Test data': ;] A o, - - Surfl FractFitintensity
‘Wave with 0 data O_Testdata ¥ 100 1. c . s
‘Wave with Intensity data | r_Test data 'l 103 %
- - =1
‘Wave with Eror data s _Testdata ¥ E ] g’_
5 =
Crph I Sublract background [0_____ ]| %" LTF i ittt §
i [ Use Mass Fractal 17 E - 3
Fractals model input . [ Use Mass Fractal 22 £ 5 =
) U!)dale a_ulomatlcally? M Use Suif Fractal 17 10 5
(4 Display single fits? [ Use Surf Fractal 2? — N
S Pt 1 TR RN 1% 4 e
| Suface factal 1 contiols Fit?: Low limit: High Limit: i o L 40
Smooth surface O 10000 10° T
™ Ty T
Ds [fractal dim.) [2 B O [ 3 0.001 081[;&"] L
Correlation length O [o ] [10000 ] [C & originalintensity | = . [ent0 X: 000024646 Y:6.3268e+07 | dX: 0.67652
[[Te: Originalintensity | [ont: 111 X:0.67576 Y:0.27381 dY: -6.3268+07

Contrast [x10°20] ST
10 + Experimental intensity * Q4 =
- Fractal model Calculated intensity * Q4 -t
107 O
4 L
s 10 o e
S s T ot s sstot s s s e 00 /
« 100 o o -
SAS Background step [ FitBeka? 1:—?, 1 D-u _ . o e L
- A A
Fit using least square fitting ? Fit | Revert back | .g - /,w«““““
— 10 ~
Results: [ swr mDaaFoldr | Expert ASCT | Results to grphs | o //

Comments on surface fractal parameters:

Again, for meaning check the description above.

Smooth surface — limits of smooth surface as described above
Ds — fractal dimension

Correlation length — correlation length as described in the theory
Contrast - contrast...
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Method of finding the solution is same as with Unified fit — first manually find good starting conditions and

then select appropriate range of data with cursors and use fitting (select appropriate parameters to fit) to
optimize data using least square fitting...
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13. Analytical models (Debye-Bueche and Treubner-Strey)

This tool provides GUI for two different models:
Debye-Bueche model for modeling structural in homogeneities in the gels.
Treubner-Strey model for modeling of small-angle diffraction

Both models can be combined with low-Q Single Unified level. The controls have now three tabs — one for
Unified level, one for Bebye-Bueche and one for Treubner-Strey. It is possible to combine them together, but it
is not likely physically meaningful.

For explanation of the Unified level control, please see Unified fit.
Debye-Bueche model for gels

The theory is implemented in following form:

I(q) = (4751(82<:01“rL2)/(lJrqzcorrLz)2

where K = 8\*

Parameters of the gel are then the corrL — correlation length and €. The model also allows low-q power law to

be fitted and subtracted from data as well as flat SAS background. The low-q power law slope has 2 parameters
(slope and prefactor) and background has one. All can be fitted.
This is the main screen:

i\ﬂ test for manual delete after use - Igor Pro 5.04B
File Edit Data Analysis Macros Windows Panel Misc Help USAXS SAS

—1oIx]

SAS gels modeling input panel

Experimental data input % Uoo o £ doto struche

Select folderwith data: | — ~|

Wave with Q data l“_LI

Wave with Intensity data [TE

Wave with Error data l“_LI

[ Slit smeared? [T]

Modeling input

[ Update graphs automatically?
/ Debye-Bueche + Low-Q slope '

R L m—
comlengh  [200 )

[ Use Low-q slope?

Wavelength  [1.152 =]

Limits for fitting
<eta < [ Fit eta?
<corl < O Fit corrl?

‘home

sas ] i T L

Fit using least square fitting ? [ Fe | | Revert &t ]

Results: | Store in Data Folder | [ Exportascn | [ Resuitstogmpn | | ——
[Ready \

Data can be selected at the top part — as usually, one can use either pin-hole type data (desmeared for USAXS
instrument) or slit smeared data. Results are the same, the model is slit smeared with slit length if slit smeared
data are used.
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{[H test for manual delete after use - Igor Pro 5.04B Al =101 x|
File Edit Data Analysis Macros Windows Graph Misc Help USAXS SAS
Il Gels modeling 5 -0 x| -0 x|

. . | X

SAS gels modeling input panel oo —

- - M Use Indra 2 data structure + Experimental intensity
Experimental data input I Use QRS data = 10* 4 - n
Select folder with data: I root:USAXS:0303_DEAAm'S48_40C DEAAm (| S 443 e . -

= e,
Wave with Q data DSM_Qvec 'I = 1004 e, -
) o,
Wave with Intensty data | DSM_int  + £ o4 -
Wave with Error data DSM_Emor ¥ 10° 4 NPT O O PO S R
LI L T T T T T T T LENLEELELELEL | T T T
I/
L St 0.001 001 01
. root: USAXS:0303_DEAAM'-"S48_40C DEAAM Opet:DSM_Int QA Wednesday, Nov 02, 2005, 8:45:32 PM
Modeling input [O A: originalintensity | o [pnt: 0 X:0.00034212  Y:1.5378e+05 [ dX: 0.76048
|[ ] B: Criginalintensity | | pnt: 118 X: 0.7608 Y:-5.053 | dv: -1.5379e+05
[ Update graphs automatically? E =10/
Debye B TTowd P N | M| PR | —
107 et
S i — . -
= >
corlengh 200 @] & 107 -
¥ - -
[ Use Low-q slope? = 5
2 107 -
2 — —
c &
= 107 =
Wavelength  [1.152 =) L
Limits for fitting
i =]
<eta< 1e+06 [ Fit eta? ’ | Xl
<conl < O Fit coml? 12 .
= A gy LI T ' ! r
2 08— -
2
c 4 F
5 044 -
SAS Background [0 step [T___] B Fit Beka? = ] L
Fitusing leastsquarefiting? [ Fit | [ Revenst | 0.0 4 : : : : :
Results: [ store in Data Fotder | [ Exportascm | [ Resuits to gmaph | 0.0 01 02 03 04 05
root: USAXS: 0303_DEAAM''S48_40C DEAAm Opct:DSM_Int Q2 [A2] Wednesday, Nov 02, 2005, 8:45:32 PM
& A 3
B:
Ready [ [

This is how the screen looks like with data selected. Note three graphs:
Top is log-log, middle is I * q* vs q, and bottom is 1/sqrt(Intensity) vs q°. Data selection for fitting purposes is
in the top graph...The other two are only for informational purposes.

Controls:

Top button “Graph’ loads data into the tool and creates the graphs.

Lower Button “Graph” will calculate model and place result in the graphs.

“Update graphs automatically” will recalculate model after every change of any parameter in this tool. Useful
on fast machines.

Eta and corrLength — model parameters. Can be estimated using the button “Estimate” if the knee area is
selected first in the top graph:
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i test for manual delete after use - Igor Pro 5.04B : Al =10] x|
Fle Edit Data Analysis Macos Windows Graph Misc Help USAXS SAS

[ Gets modeing JRTETET[ 2 costoopior JRE=TE

MR | L N A | L NS SR | L MR

SAS gels modeling input panel = & Experimentalintensty T
Experimental data input % 3: ggﬁ:‘am _ 10" ""s_.\ — Model calculated Intensity |~
: 2 I
Select folder with data: | root:USAXS:0303_DEAAM"'S48_40C DEAAM | 5§ 10 7] i C
Wave with Q data [ DsM_avec =] % 10° - C
@ — —
Wave with Intensity data I DSM_Int 'I R -
Wave with Emror data I DSM_Error 'I 10" : :
T T T —— 7
2
me 0001 001 01
N = root:USAXS:0203_DEAAm™ 'S48_40C DEAAm Opct:DSM_Int QA] Wednesday, Nov 02, 2005, 8:50:12 PM
MOdellng lnPUt A: Originalintensity ED pnt: 49 X:0.0048068 Y:133.73 IdX: 0.016859
B: Originallntensity pnt: 76 X:0.021485 Y:10.017 ldY: -123.71
[ Update graphs automatically? LRI04 B 1ol x]
Ll Ll Ll L
Debye-Bueche + Low-Q slope E
1079 + Experimental intensity * Q"4 3-**’1 —
Ea: 0.010437 3 7| — Model Calculated intensity * Q"4 T o
(mmmen ) [z 1077 -
comlength  [51.9286 & el C
[ Use Low-q slope? :3- 10 ] C
2 107 -
T -
Wavelength ~ [1.152 = 107" -
T T — T —— T
Limits for fitting nnn4 nn4 n4
‘M DB_Plot e -0l x
Te06 <eta< O Fteta? S— | | e | X
<corl < [ Fit corL? 06— + Experimental intensity » (1/2) -
= —— Model Calculated intensity *~(1/2) L
£ 04 i+
2 1 . I
€ I
g 02 = 7 L
SAS Background [0 B step [1 [ Fit Bekg? = - = |
Fitusing leastsquarefiting? [ Fit | [ Revenst | : : : : :
-6
Results: o i Dua Folow | [ Espor ASCT | [ Revels o gaen | 0 100 200 300 400 500 600x10
root:USAXS: 0203_DEAAM'"S48_40C DEAAm Opet:DSM_Int Q2 A Wednesday, Nov 02, 2005, 8:50:12 PM
X: B

N

Ready |

Checkbox “Use low-q slope” will enable controls for low-q power law slope. One can again select range of data
where the power law dominates and Estimate slope with the button.
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Al - (O] x|
Ml Gels modeling i =] 3| E =10 x|
SAS gels modelm input panel = + Expermentalintensty
Experimental data input gseg%::ﬂam 10" —— Model calculated Intensity
se a structure - -
2
Select folder with data: | root:USAXS:0303_DEAAM"'S48_40C DEAAM | 5 10+ r
= _ -
Wave with Q data [ Dsm_avec =] z 10° C
3 . -
Wave with Intensity data I DSM_int VI £ 10-2 . L
Wave wih Erordata | DSM_Eror ] < L
10 LA L L | T T T BRI | T T LA L | T T T T T
smeal =d7 P ]
O si ; 0.001 0.01 , 0.1
L. root: USAXS:'0303_DEAAm"'S48_40C DEAAm Opct:DSM_Int QA Wednesday, Nov 02, 2005, 8:51:28 PM
Modeling input i A: Originalintensity | 1 Flents X:0.00038969 _ Y: 79549 [ aX: 0.00096148
I E: Originalintensity | pnt 23 X 0.0013512___ Y- 720.02 | ov: -78829
[ Update graphs automatically? 3 o =] 4}
Debye-Bueche + Low-Q slope
10" - + Experimental intensity * Q"4 _,xII -
Eta: 0.010437 - — Model Calculated intensity * Q"4 S -
s
corlength  [519285 & 1074 L B
¥ , o L
[ Use Low-q slope? = 105 4 o B
Low-Qprefactor  [360397e09 g - - L
Low-Q slope 392717 £ 407 4 L
velengh  [1152___|©) ] L
He N7 10° i — ————rrry —rr
Limits for fitting nnn41 nn4 n4
‘MDB_Plot =]
TH ] <anc Orew Bl , , , , , o
<coml < 1e+06 [ Fit corl? 0.6 + Experimental intensity * -(1/2) -
= — Model Calculated intensity -(1/2) L
<low-Q pref < [ Fit low-Q pref? 2 04 1k
<lowQsiope < [I__]  [J FtlowQpref? £ N 1 i i
T
g 02 . = ° -
SAS Background [0 step ] MFtBoka? = = = i
Fitusing leastsquare fiting? [ Fit | [ Revemst | : : : : :
-6
ReSults:( Sics i D Foie | | 150 | [ Rem oz ] 0 100 200 300 400 500 600x10
root: USAXS: 0303_DEAAM''S48_40C DEAAM Opot:DSM_lnt Q2 A Wednesday, Nov 02, 2005, 8:51:38 PM
: X: [ax: C
L
Ready [ [

Limits for fitting should be set, if needed, to sensible numbers. The checkboxes with “Fit ...” allow selection
of parameters which are going to be fitted using standard Igor least-squares fit.
Last item is “Background”’, which should be reasonably guessed and then fitted as one of the parameters:

test for manual delete after use - Igor Pro 5.04B Al -ﬁl =10 5]
File Edit Data Analysis Macos Windows Panel Misc Help USAXS SAS
T [ costoorir = o]
. . Ll N | M| L
SAS gels modelm,% input panel 10° & Eperimentalintensiy
Experimental data input 3 U[J:gggg::'am ot —— Model calculated Intensity |
Select folder with data: I root:USAXS:'0303_DEAAm''S48_40C DEAAM ‘_E-'_ 10° 4 -
Wave with Q data DSM_Qvec ¥ % 10% - L
3
=
Wave with Intensity data | DSM_Int 'I = 404 L
Wave with Error data DSM_Emor 'I 10° 4 ST

?
B ot o) 0.001 001 0.1
L. root:USAXS:0303_DEAAm':'S45_40C DEAAm Opct:DSM_Int QA Wednesday, Nov 02, 2005, 8:53:30 PM
MOdelmg |nput [© A: originalintensity | 0O [ent: 1 X:0.00038969  Y: 79549 dX: 0.53467
[ T&: onginalintensity | [ent 118 X 0.53508 V- 12926 dv: 79548
[ Update graphs automaticaly? : =1olx]
/ Debye-Busche = LowQ sope\ Ll Ll Ll Ly
10" - + Experimental intensity * Q"4 =
Eta: 0.010437 —{ — Model Calculated intensity * Q"4 -
o T e
corlength  [51.9286 & 1074 L
N - L
[ Use Low-q slope? = 105 4 B
LowQprefactor  [3.60357e05 5 i L
Low dope £ ] C
Wavelength [
——
Limits for fitting
=10| x
<etac M Reeta? . . ! ! ! L S
<coml < [ Fit corl? 06— + Experimental intensity A -(1/2) —
= | — Model Calculated intensity *-(1/2) L
<lowQpref < [Te+10 ] [ Rtlow-Qpref? 2 o4 1L
S 0.
<lowQslope < [A___] 4 FtlowQpref? E ] N 1 I L
=
g 02 = -
sASBackgound 0] sep ] BRBk? | = 77 == .
Fitusing leastsquarefitting? [ Fit | [ Revexst | l'l : : : : :
Results:( Siom b i | = 0 100 200 300 400 500 600x10°
root:USAXS:0303_DEAAM'S48_40C DEAAM Opot :DSM_Int a2 A Wednesday, Nov 02, 2005, 8:53:30 PM
[C A | [ont: X: Y: Jax: C
[Te: 1 00 [pnt: X: Y: | dv:
Ready [ [

© Jan Ilavsky, 2009 119



Irena manual, version 2.37, February 2010

Now with good starting guesses one can fit the model — using the “Fit button”

i test for manual delete after use - Igor Pro 5.04B i Al (=] 9]
File Edit Data Analysis Macros Windows Graph Misc Help USAXS SAS
|mm Gels modeling ________ IRT=TES][ 2 oot ooPlot = =1ol x|
SAS gels modelmg mputpa”el 10° + Experimental intensity
Experimental data input % UU:EWP*; g::am < 10t —— Model calculated Intensity
Select folder with data: | root:USAXS:'0303_DEAAm''S48_40C DEAAm ( ; 10° 4
Wave with Q data DSM_Qvec ¥ Z 402
a e
I £
Wave with Intensity data | DSM_Int ¥ = 10"
Wave with Eor deta DSM_Exr jv 10° - T T L e S T L e | T T ‘.‘&L
B ot o) 0.001 0.01 0.1
. . . .
. . root:USAXS:'0303_DEAAM':'S48_40C DEAAm Opct:DSM_Int QA Wednesday, Nov 02, 2005, 8:54:33 PM
Modeling input A Originalintensity__| O P X:0.00038969___Y: 79549 aX: 0.53467
B: Oniginalintensity | pnt 115 X: 053508 V- 1.2926 dY: 79548
[4 Update graphs automatically? - =loix|
/ DebyeBusche + LowQ sope\, Ll L P | .
10" - + Experimental intensity * Q"4 =
Eta: 0.00770327 —{ — Model Calculated intensity * Q"4 -
cortargn [T 3 0
S r
= & 7] L
[ Use Low-q slope? z 0 B
Low-Q prefactor 5 4 r
Lowa dope E o] B
Wavelengh ] L
T
Limits for fitting n
=] P
1e-06 <eta< Fteta? "’ | | R
<corl < [ Fit corl? 06— + Experimental intensity A -(1/2) —
g | —— Model Calculated intensity *-(1/2)
<lowQpref < [1e=10_] [ Fitlow<Q pref? 2 o4 1L
dowQsope< ] MRiwape? || £ | 1 !
£ I
2 02 ~
SAS Background [0854923(8)] step [T | [ Ft Boka? = =
Fit using least square fitting ? Fit I Revert it | ; ; r r . .
6
Results: (S im pu oo | 2560 ) [ et vz | 0 100 200 300 400 500 600x10
root:USAXS:0203_DEAAM''S48_40C DEAAM Opct:DSM_int a2 A Wednesday. Nov 02, 2005, 8:54:33 PM
[C A | [ont: X: Y: Jax: C
| [Te: 1 00 [pnt: X: Y: | dv:
[Ready [ [

This is the best fit this model does to these data (note the misfit, this is not probably the best model...).

Buttons:

Revert fit — use to reset the last set of parameters after bad fit which “lost it’s way™...

Store in Data folder will save model data (waves with wave notes) for further use. It copies them into folder,
where the data came from. Can be plotted, exported, reloaded in this tool, and mined for numbers later.
Export ASCII will export model as ASCII from Igor.

Results to Graph will paste results into graph for better view:
Ll @logiogpot =lolx|
sy N
| 10° 4, Prefactor = 1.2334¢-09 +/- 3.3763¢-10|
- ER% + Experimental intensity
m —— Model calculated Intensity
10° 3 3
Debye-Bueche resutts
Sample name: root USAXS:0303_DEAAm''S48_40C DEAAm Opct:DSM_int|
eta - 0.0077033 4. 1.80456.05
- 3 N Correlation length = 77.359 A +/- 0.30952
£ 103
kA
z
5
g 0
10' 3
10° 4
I . -
0.001 0.01 0.1
o0 USAYS; 1303_DEAA$43_40C DEAAM Opot: DMt QA’] Wednesday, Nov 02, 2005, :54:33 Pl
Ea)ES L |
ma Srgnatiensty | ot T8 oo oo o
| CRSEEEE =
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Treubner-Strey for small-angle diffraction

Treubner-Strey model follows the publications : Teubner, M; Strey, R. J. Chem. Phys., 1987, 87, 3195 and
Schubert, K-V.; Strey, R.; Kline, S. R.; and E. W. Kaler J. Chem. Phys., 1994, 101, 5343.

The code is adopted form NIST SANS package. The formulas are:

1
A+CQ* +C,0"

(Q)=TS

Where A, C and C, are parameters from the theory and TS is scaling factor.
Correlation length °E and repeat distance (d) are:

_|1A)7, C
2\c,] 4c,

d [1{a)" ¢
o |2\c,)  4c,

Example of the GUI with results:

Note, that only the parameters TS, A, C;, and C; are user controlled. Parameter TS is added scaling factor, as
there does not seem to be other way to scale the model to data.
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e e )

Analytical models O OO LoglLogPlot
Analytical models input panel P, L L
1 ™ Indra 2 data [ Model g
Data input [ ars (@s) 10 3 E
Data folder: [root:USAXS:'12_19":5135 Erlebacher 12: |+ . =+ Experimental intensity
Warve with X axis deta. [SMR-Gvec i = Model calculated Intensity
Wave with Y axis data |SMR._Int % |
) - 5 _| L
Wave with Error data | SMR_Error % 107 7 E
B sit smeared?  List length [0.024792 | [7] ] -
Modeling input _ L
—
Graph I 4 | L
(Gespi ) E 104 :
E Update graphs automatically? : i C
i Unified ] Debye-Bueche } Teubrlsr-smi '5; ] L
@ ] L
E Use Teubner-Strey? % 4 L
TS prefactor [248.08 H| - 3
A param 0.158865 H| 10 E E
€l param [ ZB.2402 H ] F
C2 param 1969.93 E 1 L
Corr. length [A] [33.2188 Repeat dist. [A] [£9.9254 1 i
10° 3 2
Limitsfafdrtfapting ] W F
Te-10 < Prefactor < [1e+10 ™ Fir 1 C
P < A < [Tes10 ™ Fiz 1 =.-..;l|:l'—|'m'u_ i
Te+10 <« € = [lesiO ™ Fir 1 I
T — T T . — T T . — T
1 < C2 = |[le+10 EFit? 2 3 4 586 2 3 4 58 2 i 456
0.01 0.1 1
-1
USRS | 3 5] T Eneperner | 38Rt Q [A ] B0 170N | LRBA L
SAS Background raziiig | step ] D Fit Bckg? O & ongnalirersity § pnt: 49 Hi0.0023117 Y 9. 8292e+03 aX: 040336
D B : ongralirtera ity prt: 135 040768 44 861 AY - B29Ze+05 T
Fit using least square fitting 7 ( Fit ) ( Revert fit ) 10° +  Experimental intensity * QA4 a
0 —— Model Calculated intensity * QA4 B
Results: (" stwrc in D Folder ) ( Exporcascn ) ( Resultsto graph ) L C
Z 107 -
107 - C
4 19 20 21 22 ] -
10 T T T —T T T T T T T T TT T T T — T T T T T
3 q 1 o 7T ou T 2 3 q a a v oa T 2 3 q 1 o 7T oa@E T
26 27 28 29 oot 4 o !
oot LSRR | 3| 2515 Ereberher | 2ERAE oAl o w7 A0 1T A

This is fitting to slit-smeared data for which Treubner-Strey model is the appropriate model to use.
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14 Small-angle diffraction tool

Small-angle diffraction tool models data using :
Flat background

Power law scatter (I =G * Q")

Up to 6 peaks

Each peak can have one of three different shapes — Guass, Lorenz, Pseudo-Voigt, Gumbel, Pearson-VII, and
modified Gauss. Some first have 3 parameters — prefactor (~intensity), position (NOTE: using Q units) and
width (in Q units). Some have one more parameter which controls the tail height or some other shape features.
Note, that for Pseudo-Voigt when eta = 0 the shape is Gauss and eta=1 the shape is Lorenzian.

The tool will manage slit smeared data (USAXS data). There are few more details very important for slit
smeared data:

It is very useful to use experimental data which extend significantly beyond to slit length. If the data to less than
slit length are used, it is important to model peaks which extend to Q positions smaller than slit length. If you
see ripples (caused by slit smearing very narrow peaks), you can use “Oversample” checkbox — but that will
increase the calculation time by about 5x.

Use of the tool:
Select “Small-angle diffraction” from the menu

GO0 Small angle diffraction panel L8000 LoglLogPlot
Smuu m'gle ‘w‘racﬂ‘on mmpmel N !\‘I 1 1 1 11 111 | 1 1 1 1 11 11 1 1 1 1 11 11
. ] Indra 2 data [ Madel 1% r
Data input [ qrs (qs) E SMR data SL= [0.038568 108 _ =
Data folder: [root:USAXS:'08_09"570_JR64: |+ E Y F
. - 7 , +  Experimental intensity r
Wave with X axis data | SM R_Qvec 31 i kY -
Wave with Y axis data |.5MR_|I‘It E: ! i \ _
. 5| L
Wave with Emor data  |SMR_Error 3: 10 E \ £
E Log X axis? ] C
M Log ¥ axis? ] [
. E Auto recalculate D Display peaks -
Model input [[] Pesk SASrel. [ ] Oversample (SMR) a
10

[SAEIPk'l‘sz'FkSIFk‘iIFkSIFkG]

 use?
Peak shape : (Modif_Gauss [+

Prefactor : 274.194

Pasition : (00062323 |
Width :[5.07224e-05 |
Tail Par  0.654945

Fit?: Low limit: High Limit:

137.097 548.388
0.0031161 | 0.012464¢
2.53612e- | 0.000101+4
0 1

Intensity [cm"]
b=

FHEHEH[EH
RRRE
2,

[T Link Position to other peak?

=
-
4
,&

Peak position -spacing [A]: 1003.71 1
Peak position - Q. [AA-1]: 0.00625997

Peak FWHM [AA-1]: 0.000314167

Peak Integral Intensity: 0.107865

stucture? (Lamellar [5] 10
[: Paste o Notebook ?] ( Add tags to graph ) ( Fit )

[: Save In Fldr ) ( Remove tags ) ( Revert back )

[ Display Residuals? [ | Display Morm. Residuals? [ use genetic opt?

4

a n-4 a ﬂ-a a n'2 a F'\-1
rootUSAXS:'08_03"870_JRE4:SMR_Int A Thu, Aug 28, 2008, 7:09:03 PM

4 4
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Select Data in the data selection controls and click graph button... Data are graphed.

Function of controls:

“auto recalculate” will cause data to be recalculated after most parameter changes. If calculations take long
time, you may want to uncheck this and recalculate data using button “Recalculate”.

VERY IMPORTANT

“Peak SAS rel.” — this is very important checkbox. In case this checkbox is NOT selected, the following is the
formula to calculate intensity:

Q) = Lo (O + D Iypied (DK F(Q)

While when it is checked, then the formula is:
Q) = I,y (D) + D KF(Q)
peaks
Where K is scaling factor for each diffraction peak.

Where W(Q) is function of the three or four peak parameters — scaling factor, peak position, width, and for some
also “tail” parameter. The exact formulas vary depending on peak profile selected.

What does this mean? If the checkbox is NOT selected, the calculation is based on assumption, that the
SAS scattering and diffraction peaks are from one population and loosely one can see it as F(Q)*S(Q)
assumption in small-angle scattering.

If the checkbox IS selected, the assumption is loosely that the peaks are independent of small-angle
scattering and are produced by some other features than what produces the SAS itself.

I suspect, that right selection is based on experience and what really fits right. Note, that the parameters are
always evaluated for W(Q) only... This is VERY important to understand and if you see cases, when these
assumptions are wrong, please, let me know...

Following are formulas for peak profiles W(x) used for the peak profiles:
1. Gaussian Function

-y’
2

Y(x)=Me % (1)
where o is the Gaussian width, and u is the center of the peak, and M is scaling factor.
2. Modified Gaussian Function

C(=w)?

Y(x)=Me 2°° @)

where d = 11s the exponent that decides the falloff rate.

3. Lorentzian Function

a

W(x)= M—; .
m(a” +(x—u°)

3)
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where a is the Lorentzian width.

4. Pseudo-Voigt Function

W(x) = M — (1= e ™)

(1+x%) @

2(x—x0)

w

where x = , Xo 1s the peak center, w is the FWHM, and 0 <n <11is a weight parameter.

5. Pearson type VII Function

lII(JC)=M1+M

ma )

where a is proportional to the FWHM, and m decides the rate at which the tail of the peak profile falls.

6. Gumbel Function

X—u

|
‘P(x)=Ee Pee’

(6)

where f is the width and u is the center of the peak.

“Display peaks” will display individual peaks. Note, data for individual peaks are never smeared.
“Oversample” — for sit smeared data only. Will oversample Q range with 5x as many point to reduce artifacts
caused by slit smearing very narrow peaks.

Tab SAS:

G — prefactor for power law slope

P — power law slope

Bckg — flat backgroud

Tabs for Peaks:
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[ sas lPBakl I Peal 2 ] Peal 3 ] Peak 4 ] Peak 5 ] Peak & |

W Use?

Fit?: Low limit: High Limit:
Distribution type :  Larenz | :]
Prefactor : 1620.96 |§| E 482.37 1929.48
Position : 0.005BE937 |§| E 0.0030028  Q.0120101
Width : 0000896931 |§| E 0.000416:  0.00716865%

[ Link Position to other peak?

Peak position -spacing [A]: 107B.76

Peak position - [AA-1]: 0.00582443

Peak FWHM [AA-1]: 0.00107803

Peak Integral Intensity: 2.22273

“Use” — use the peak. No need to use peaks in order, can be mixed-and-matched

“Distribution type” — peak shape

“Prefactor” — scaling factor for the peaks (~hight)

“Position” — peak position in Q units

“width” — peak width in Q units

“Link Position to other peak?” — you can link peak position to position of another peak with scaling constant.

Lower set of parameters are peak parameters calculated numerically, so they may be slightly different than the
numbers above.

Final controls:
|:- Recalculate :I Struchura? [Lame“ar ':]:

I:- Paste to Motebook :] I:- Add tags to graph :] I:- Fit :]

I:- Save In Fidr :I I:- Remowve tags :I I:- Revert back :I

[ | Display Residuals? [ | Display Norm. Residuals? ["] Use genetic opt?

A

“Use genetic optimization?” — uses genetic optimization... Very slow fitting routine unlikely needed for this
application. If needed, read explanation of the method in previous chapters.

“Fit” — fits
“Revert back” — reloads stored parameters from before fitting.
“Add tags to graph” — adds tags with parameters into the graph...

“Remove tags” — removes tags from the graph.
“Structure?” — sets ratios of positions for some known structures. Peak positions will be fixed with respect to

Peakl. Note, user must set correct widths and prefactors for each peak manually...

© Jan Ilavsky, 2009 126



Irena manual, version 2.37, February 2010

Fut, +  Experimentalinknsine [
5| g Peak number 1 — Dibie lntensity B
107 3 : Peak Position = 1062 7 (d units) [4] — Peakllntensitr E
3 Peak Pozition = 0.0059125 (i units) [4™-1] E
7 Peak Integral intensity = 2.2511 C
'IOd | Peak FWwHM = 0.0010754 (0 units) [4-1] |
10° 3 3
— 05 3
= = =
) ] E
ER -
R E
o = E
= E =
107 4 L
16" 3
10° 3
167 < =
T T T T T I TT I T T T T LI I T T T T T T 1T |
2 3 4 5 BETER 1 3 4 5 BETEDR 1 3 4 5 BETED

0,007 0,07 1

root:USARS: 12_17_2'524.51400- 25515 SMR_Int g [, Fri, Jsn 4, 2008, 8:4422 P1

“Save in Fldr.” Saves results (including peak profiles if selected) back into data folder.
“Paste to Notebook” — opens notebook for results and pastes in there graph and summary of results.

000 ResultsNotebook
o 1 1 LA 1 1 !2 1 1 1 3 I 1 !4 1 1 1 13, 1 1 !G
[tormal__] EEERE ieres ]

Results of Small-angle diffraction fitting

Date & time: Sun, Aug 24, 2008 83323 PM

Dafa from folder: root Packages IrenaControlProcs IR2D_ControlPanel:
Intensity: ModelInt
Q: ModelQ
Error: ModelEnor
5
107 + Eiprimmisl olmaty
3 — Aol Intmuty

Iwhecsetty ']

Lo

W oo |

T L s e T T T — T
10# 1w? it

R0 eI AN TE_DTIETT_IREHSIR_be Y i, Aug 24,2008, 7 7S P

Power law slope = 3.3879 Prefactor = 2. 95963 06

Bacground = 0.2738

Peak number 1 used

Pealk position (Q mits) = 0.0063381 [Ar-1] , D units = 991 34 [A]
Peak FWHM (Q units) = 0.00037309 [A*-1]

Pealk Integral intensity = 0.11516

Peak number 2 used

Peak position (Q units) = 0.012553 [A*-1] | D units = 500.55 [A]
Pealk FWHM (Q units) = 0.00089727 [AA-1]

Peak Integral intensity = 0.013875

BFp 16
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“Recalculate” — forces model recalculation if use needs to do it.

You can attach also residuals or normalized residuals into the graph, see example below.
LoglLogPlot

+
3 ,‘ N .
10 3 +  Experimenrsl intensity
E — Modellutensity
B 4+ HormalizelResidusls - 40
1054 Y
I 20
g
— 1 !
£ E =
z ] Fo 2
3 1 E
3 o,
102—§ g
I -20 \
10' o
F-40 |
107
|
10t 10° 10? it
root:USAXS'0S_09:5T0_JRE4:SMR_Ini Q[A-‘] Sun, Aug2d, 2008, 7719 Ph%

Useful comments:

Make sure the fitting parameters ranges are set appropriately. This is IMPORTANT and not obvious problem in
fitting (experience speaks)... Results of fitting are also automatically recorded to into usual “SAS logbook”
these tools keep... All is recorded there in more or less useful form. Your notes I keep for you....
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15. Reflectivity

This is relatively simple tool to model and fit X-ray and neutron reflectivity for up to 8 layers using recursive
Parratt’s code (L. G. Parratt, Phys Rev, 95(2), 359-369, 1954), as implemented for example in older code called
“Parratt”. The code itself was provided by Andrew Nelson (Andrew Nelson@users.sourceforge.net ). I have
implemented only the GUI in manner similar to the rest of the Irena code. I will provide basic support for this
package. Please note, that Andy has made more complex and capable version of his package “Mottofit”
available for free download to other Igor users through http://motofit.sourceforge.net/ under GNU license. If

you need more complex fitting, than my code allows, please use Andy’s powerful code. You may, however,
have to learn little bit more of Igor.

Use of xop to speedup the calculations

Starting from version 2.20 (note: this version is ONLY 6.0 compatible) the code supports optional abeles.xop
and GenCurveFit.xop. These are both optional — but the increase in speed (especially abeles.xop) is major
(factor of 5-10x). These xops can be downloaded from Andrew Nelson’s web site (listed above).

Note: If you have version 2.16 (last Igor 5 compatible version) note, that these xops will not be used. The code
to use them was removed to make this release Igor 5.0 compatible.

15.1 Running the reflectivity

For testing purposes, I have included 3 column reflectivity data in Irena folder (... Wavemetrics/Igor Pro/User

procedures/Irena) in the file called reflectivity.txt. Please load the data through Data loading tool as qrs data.
The select “Reflectivity” from the SAS menu:

Following are the parts of the panel:

LS : =10 1. The top part — data selection part is similar to the other tools
File Edit Data Analysis Macros Windows Panel Misc Help SAS

—pr—— 3 o in Irena — select type of data, data folder with the data, and
Simple reflectivity tool wave names containing q, reflectivity and error. Push Graph

Exp. data input o 5 pd2 22 to generate graphs. If you have resolution as single value,

Datafolder: [ — 7] uncheck the “Resolution wave” checkbox and insert value in

)| = the field, if you have resolution wave (q resolution), select

a:x;;::‘za g it’s wave name here. NOTE: for now this wave must be in

4 Use erors? ek tteeve? the same folder as the data are. I will fix this in the future.

[4 Auto update? Res Wv [%]: | — vl
Model input: Numberoflayers: [ 2 ~| FtlQ™n:[4 ~|

Also, for now there are no checks on wave length, so make
sure this wave has same number of points as data waves

Top environment

SWfea) [ ] SWDGmag) [0 ] have.
W RVw Vi ViV VA VIR AVAR: 2. Select number of layers, input scattering length density

layer1 Fit? Lowlimit High limit : : :

hicloes (A = (SLD) for the top environment (usually air, so 0 is fine, but
Thickness step if this experiment was done for example under water, than
SID (eal) (098276 J5) O [02%208 ] (15682 ] . .

ST this would be different).

SLD uaits  ither * 106 [VA"2] or * 10°10 (Ve 2] | The tabs contain controls for each layer — thickness in A,
SLD (mag) [T05e05 ] O i i i i i

D SLD (real and imaginary) in units as displayed on the panel
Rougmess [(55_J5 and roughness.

|

Roughness step 3. Substrate values — roughness and SLD

Substrate e 4. Measurement (aka flat) background.

Rugness [0 ] O [0 ][0 1 5. Control buttons

SLD freal) SLD (mag)

Backgound[0 ] O [ J [ ]

Backgoundstep [0 ] —
[ Guphmosst |[  Fitmost J[  Seedss ][ Expomdas |
B 129
[~

Ready |
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When data are selected, following graphs appear:

af 5 N [ 4|
File Edit Data Analysis Macros Windows Graph Misc Help SAS
M Reflectivity Simple Tool =10l x| | . =10l x|
. - 1 1 1
Stmpllt:eI reflectivity fool 10° % -
. Use Indra 2 data o i + ) . ) B
Exp. data input & Use QRS data 10 Experimental intensity
Datafolder: [ roottest: ~ 107 -
Wave with X axis data I q_model ¥ £ 10° - -
- -
Wave with Yadsdata | r_model ~] & 107 t[\ ~ i
E 10° Vo N L
Wave with Erordata | s_model ~| w10 VO N
Use emors? [ Resolution wave? 10° - A ot o
M Atoupdate?  ResWv [zl [ — | 107 4 L
Model input: Numbercflayers:[ 2 ~| Ftia™:[4 ] 10° - : : : =
Top environment 0.1 0.2_‘ 03
TN o 1Y) — ottt Q') Moriy. Ou 31,2005 4722 P

STINSL2\/L3\/La\/L5\/L6\/L7\/L8\

_Iofx]

Fit? Lowlimit High limit c 10° =R : . et . - -
Thickness [A] %] S ‘ .
Thickness step @ ;; 10° - kY o~ o~ o~ A % .\'.»a :ﬁ;.“ . |
SLD (real) [0.98416 M [0:45208 S ”//,-'M—\‘\ g ,f IR ' o .&..“
SLD (real) step 2 40" N ", X i
@
SLD units - either * 10°-6 [1/A"2] or * 10*10 [l/em”2] | o 5
— T T T —— T T
SLD (mag) [105e05 J§] O [(EZ=0% *0.01 : oot T Py : ’
SLD (imag) step root:test:r_model Qi) Monday, Oct 31, 2005, T:47:22 PM
Roughness B [ 4|
Roughness step
30 /1
Substrate “ o5 g’ |
T2 f
Roughness [0 B O @ ] @ | 3 20 ) S—
= /
SLD (real) [2073 SLD (mag) [237206 S 15 /
Backgond[ ] O 0 J [ ] g 10 g
Backgoundstep [I______] 05
0.0
[ Guphmosst ][ Fitmosst [ Savedss | Expomams | J T T T T T
50 100 150 200 250 300
<<—-TOP Layer thickness [A] Substrate —=>
[Ready [ [~

Note, that the top graph is log-log plot of reflectivity vs Q, medium is reflectivity * Q”n (n=0 to 4 as selected in
the panel) and bottom is reflectivity profile. The fitting (see later) is done in the space reflectivity * Q”n to
improve mathematical stability and convergence of the problem. The controls (selection of data range) however,

MUST be done in the top graph (the log-log plot).

Now, I have very good values for these particular data (thanks to Dale Schaefer for providing the data and

solution!!), see the tabs below:

e e T

O |

TIN/L2\/L3\/La\/L5\/LeN/LIN/ LB\
Fie?

Thickness [A] 282 78

Low limit High limit
Oeeer 1 [E20 ]

Thicknessstep [ ][O
SLD (real) [04s208 | [Asee3z ]

SLD feal)step [007 |
SLD units - either * 10°-6 [1/A"2] or * 10710 [l/cm”2] |

SLD (mag) O [E2506 ] [27e05 |
SLD (mag) step

FLIN/AL2N L3N/ LAN/LBN/LB6N/L7N\/L 8\

Fit? Lowlimit High limit
Thickness [A] [12.786 |[§] M [0 ] [25 ]
Thickness step

SLD (real)
SLD (real) step

I SLD units - either * 1076 [1/A"2] or * 10710 [l/cm™2] |

SLD Gmag) O %06 e ]
SLD (mag) step

M [652 | [68078 ]

Roughness M [03 1 [B3 | Roughness [4.1273 O]
41273 M [05 ] [£5 |
Roughnessstep [03 || 4
L m— -
I-L -..- r =

Input these values and SLD for substrate of (real part) 2.073 and imaginary part 2.37e-6. The resolution is 1%,
so uncheck the “resolution wave (if checked)” and input 1%.

Then push button “Graph model” you should get really good match to data:
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E\“ test - Igor Pro 5.04B Al B[] 3
File Edit Data Analysis Macros Windows Graph Misc Help SAS
M Reflectivity Simple Tool =10 x| -0 x|
. .. Il
Simple reflectivity ool -

Exp. data i ’i O Use"zga 2data e + Experimental intensity

xp. data input 2 .- ps gan 10 —— Modellntensity

Data folder: [ roottest: ~ 107

Wave with X axis data I q_model 'I

Wave with Y axis data I r_model ¥

Wave with Emor data I s_model 'I
=

[ Auto update? Instr res. [%]
Model input: Numbercflayers:[2 ~] Ftia™m:[2 =]

Reflectivity
>
1

Top environment 0.1 0.2 0.3
LY — DY N [ — root:test:r_model Qi) Monday, Oct 31, 2005, 7:47:22 PM
& A pnt: X: Y: dXx:
/TT\/T2\/L3\/La\/L5\/Le\/LT\/ LB\ QI%& I OO Lo % V. ldy;
Layer 2 Fit? Lowlimit High limit o 10° T . : — —l . : —
Thickness [A] M &
Thickness step = 10" ‘
SLD (real) M £
SLD real) step S 0 B
|| SLD units  either * 1076 [1/472] or * 1010 [Viem'2] ||} =
T T T T — T T :
9 2 3 4 N 6 7 2 3
SLD (mag) O 0.01 0.1
SLD (mag) step root:test:r_model 1! Monday, Oct 31, 2005, T:47:22 PM
Roughness [4.1273__||] M sLD profile (top=left, substrate=right) B[]
Roughness step
3.0 {
Substrate o5 ?(
Fogmess [0 B O [ o 3 .0 i —
=
SLD freal) SLD (mag) S 15 }f‘
a
Bdgundl ] O 01O |31 p
Backgroundstep [T ] 05 /
0.0 L —
[ Guphmodet |[  Fitmotst |[  Swecss ][ Exponann | T T T T T T T
0 50 100 150 200 250 300
<<—-TOP Layer thickness [A] Substrate —=>
[Ready | [/

I suggest you play now with parameters to find out, how sensitive the problem is.

Important comments
Resolution wave for now must contain % resolution for each point.

Fit model/reverse fit: Select range of data to fit in the top graph and push the Fit model button. Fitting is done in
the Intensity * Q”n as selected in the panel. Use power of 4 is suggested, if lower values are used, the fitting
tends to neglect the high-q data. If fit fails but reaches some solution, you can recover to previous data by

pushing “reverse fit” button. Very handy...

Save data — copies model data into data folder so they can be used in the future. If you try to load data from
folder containing already reflectivity data, you will have option to reload previous solution into the tool. This

allows very quick regraphing of the stored solution.
Export data saves ASCII file outside Igor for use in other packages.
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16. Data mining tool

This tool allows finding and tabulating various data from folders within Igor. At this moment it is just about
functional and will be developed further.

The data can be stored in either variables, strings, wave notes or they can be waves with data themselves.
Depending on input type, the data can be output into graphs or notebook (for waves), or in notebook or in new
waves (for strings, variables and data from wave notes).

16.1 Use

There are few peculiarities, this tool behaves little bit different than the others... See below:
In the top part you need to select data type to be searched and example folder, in which are data types you want
to “mine”. Therefore, you need to be able to ﬁnd at least one folder with data you are looking for.

2lH =B8x  When you select such folder, new panel
Hle Edit Data Analysls Macros Windows Panel Misc Help SAS
o 1| W with list of particular items from this
Data "I’:’I”mg toolpalt:tlel | Items In the selected folder folder appears. The top lists
Use Indra 2 dat Use I s z . . .
Testfolder G igmscan i - waves/strings/variables as appropriate;
Test data folder | root:SAS:ImportedData: Test data” ¥ S_Test dat :
| oo SAS InportedData Testdta: 7] | | SmeovomaDistibuton_0 bottom lists the wave note (for waves) or
Stat Folder [ oot: =] e the value of the string or variable.
s ot | <A
‘Which data:
[ Variable? [ String? [J Wave notes? [ Waves?
Xdata: [ | [_Re¢X )
Y data: [ | [_Resdy )
Eror data: [ ] =) -
Wave note/value for selection above:
SizesDataFrom=root:SAS:ImportedData: Test data’
SizesIntensity=T_Test data’
| |SizesQvector="0_Test data’
SizesEmor=s_Test data’
NumPoints=100
Rmin=125
F | Rmax=2000
Output Options: ErorsMuttiplier=3
LogRBinning=yes
Particle Shape=Spheroid b
[ Save to notebook? [ Create graph? Background=0.1
ScatteringContrast=1
SlitSmearedData=No
StartFitQvalue=0.0018713
EndFitQvalue=0.18994 LI
( Mins datz |
Ready [ [

Mining the waves:

You can select (or input manually) wave names — one, two or three — in the fields. To select highlight the wave
in the panel and then push button “Read X’ (Y or Error). You can also use * as wildcard. Then you can either
output into notebook (and print which folders contain — or do not contain these waves) or you can plot the
waves into graph (plots X against Y) with few controls (colors, axis type).

Mining the strings/variables/wave notes

Select string or variable name in the list in the right panel and push button “add to list”. The item will be added.
To select wave note, select both wave and item in the wave note and pus button “add to list”. Item will be
added. At this time you have to Clear the whole list, if you want to remove something.
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Output can be done to notebook (can be messy very fast...) or to new waves. Create new folder for the waves.
After search, these waves will be created, if possible converted to number waves and new table will be created.
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17. Universal data export tool

Irena produces large number of data sets, which can sometimes be exported when created, but more often not.
While the most convenient use of the data is within Igor experiment by ploting or processing further, many
users may want to use another programs. And then it is imperative to export them as ASCII files. This is the

tool for that...

[00 0O Universal data export tool Ye o6 Preview of export data

000 Multiple Data Export selection

Universal data export panel 16+

. # indrazdata [ irena results [roct:USAXS:USAXS_WMU'S43_A3 Fe203"SMR _In
Datainput = s (gis) - 10°
Data folder: root:USAXS:USAXS_WMU:'S49_A3 Fe203": l—s‘r! 10°

Wave with X axis data | SMR_Qvec B‘ 10*

Wave with Y axis data | SMR_Int 9‘ 10°
Wave with Error data | SMR_Error 9‘ 10°
g Export multiple data sets? 10"

Preview Options:

) Display graph with data?

Multiple Data Export selection

'S44_A2 Fe203":
'S49_A3 Fe203":
'859_B2 Fe203":
'S64_B3 Fe203':
'S74_C2 Fe203":
'S79_L3 Fe203":
'S89.D2 Fe203":
'$94_D3 Fe203':
'$99_C1 Fe203":
'S104_D1 Fe203":
'S109_B4 Fe203":
'S114_C4 Fe203":
'$119_D4 Fe203":

<« >

SpecCommand=uascan ar 15.7054 15.7034 6.7024 2¢-05 113.487 5000 1-
SpecComment=A3 Fe203

SpecScan=specdd

USAXSDataFolderroot:USAXS:USAXS_WMU:'S4Q_A3 Fe203'

E Display notes about data?

RawF olde~root:ran: USAXS_Whil:specdd:
( i, ) UserSampleName='S49_A3 Fe203' (
Wname=SMR_Int
Wavelength=1.0375
Output OptiunS' SlitLength=0.033307

NumberOfSteps=200

S$DDistance=500

Units=cm-1

BlankComment=A Blank
BlankFolderroot:USAXS:USAXS_WhU:'S39_A Blank'

("] Attach notes about data?
[T Use Folder Name for cutput?

Kfacto=3.6334e-18
SampleThickness=1
SampleTransmission=0.15422
SampleTransmissionPeak ToPeak=0.15422
UseMSAXSCorrection=0
MSAXSCorrection=1

Exported=Mon, Feb 11, 2008 9:41:09 AM

[ Use Y wave name for cutput?

Export Folder: prg HD:Applications:igor Pro Folder:

( Set export folder: )
Export file name:
Export file extension: dat
Header separator: #

€ Export Data & Notes )

Configure Universal export tool panel options
Select multiple data above and export

( Update list )

(_ Selectalidata ) [ DeSelect all data ) ( Export selected data )

/7,

1= announcementS21S
2008:pdf

Above are standard set of controls. Select data in the top part of the panel. Than decide — do you want to see
graph of the data? Do you want to see any associated notes (Irena writes a lot of stuff in the wave notes)?

Push button “Load data”

Note the “Export multiple data sets?”” checkbox. It opens the Multiple Data Export selection panel. This panel

enables exporting of many data sets at once. The correct use of this option

is to export one data set manually

(sets all parameters and export paths), test one data set and then use the Multiple Data set option.... See

comments later.
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PR - (O] x|
File Edit Data Analysis Macos Windows MNotebook Misc Help SAS
Ml Universal data export tool -0 x| N (=]
Universal data export panel -
- [ Use indra 2data [ Use Irena resut T -
Data input O U: QRS data @ == ene : 105 . \*‘\\ |root:SAS:ImportedData:Test data':SizesFitlnten5|ty_0|
Data folder: I root:SAS:ImportedData: Test data”: j 104 - \\-\_,\v\
Wave with Xaxis data | SizesFtQuector 0 | T
107 Iy
Wave wih Y s deta | Saestiensty 0 =] i
Wave with Ermor data | - vl 107 ) g
1 T
10 .
10° - .
Preview Options: R
-1 =
[ Display graph with data? 107 _
[ Display notes about data? 2 34 éé%ééo'm 2 3 4 éé%ééo
Load =
‘ = ' T SS—— o
. # Rmax=2000 Al
Output Options: # ErorsMultiplier=3
# LogRBinning=yes
Attach notes about data?
0 a F 'd‘::l i : 2 # ParticleShape=Spheroid
o O e B # Background=0.1
[ Use Y wave name for output? # ScatteringContrast=1
# SlitSmearedData=No [
Eoaded datas root:SASImportedData Test data“Sizeshtitensil | + StartFitQualue=0.0018713
- ) # EndFitQvalue=0.18994
Export Folder: C:Program Files:WaveMetrics:Igor Pro Folder: # MaxEntSkyBckg=3e-05
( T ] # MaxsasNumiter=100
# SlitLength=NaN
# MaxEntStabilityParam=0.01
Export file name: [Test data ] # AspectRatio=1
Export file extension: # MethodRun=MaxEnt
Head o] # UsersComment=Result from Sizes method: MaxEnt Sunday, Aug 15, 2004 7:07:20
: : # Wname=SizesFitIntensity
# Units=cm-1
( Export Datz & Notes | # Exported=Monday, Nov 07, 2005 8:19:57 PM
M & 1<l | v
Ready I [

Now we have graph and list of notes. Note, that no attempt is made to create sensible graph. You may have to

modify the graph manually if needed.

Next select Output options:
Attach notes about data

Use folder names for output
Use Y wave name for output

“Set export folder”
is displayed din red box above the button.

Export file name
Export file extension
Header separator

“Export Data & Notes” button
overwrite them.

Multiple data set export option:
© Jan Ilavsky, 2009

modify, if default is not good enough
set to whatever needed
change, if different isdesired. Include spaces, if these are desired!!!
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will attach the wave note into the ASCII file. Note, at the bottom of the panel is
field where one can insert the separator character (including spaces) if different than default is desired.

if you are using folder names as anmes for samples, this is sensible...

if your Y wvae name is sample name (e.g., qrs data this type)

set where to store data. Cannot create folder, create first, then set here. The folder

does the job. If the data exist, you will be asked if you want to
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e 6 0O Multiple Data Export selection

Multiple Data Export selection

'S44_A2 Fe203":
'S49_AZ Fe203": E
'S59_B2 Fe203":
'S64_B3 Fe203":

'$74_C2 Fe203":

'S79_C3 Fe203":

'$89_D2 Fe203":

'594_D3Z Fe203":

'S99_C1 Fe203":

'S104_D1 Fe203":

'S109_B4 Fe203":

'S114_C4 Fe203": a
'S119_D4 Fe203": <

Configure Universal export tool panel options T sr—

Select multiple data ahove and export :

Select all data DeSelect all data ) Export selected data

There are few items one needs to know about this tool.
1. If you make changes to the main panel, the list of folders in this panel may get stale. Use button “Update list”
to update it.
2. There is logic in listing the data which is actually quite complicated... Here are some comments:
a. The tool started to search for data from parent folder of data selected in the main panel. In the current
selection :
HOS Universal data export tool
Universal data export panel

s # indra 2 data ] Irena results
Datainput — s (g

Data foider: roOL:USAXS:USAXS_WMU:'S49_A3 Fe203": | +)

Wave with X axis data Sh}l{_QVeiciy =

Wave with Y axis data SMR_Int Ie !
Wave with Error data  SMR_Error | 5 !

g Export multiple data sets?

The tool start searching from root:USAXS:USAXS WMU: - if you cannot find your data, select different
starting folder in the main panel and update the list. This is to reduce clutter and help users with giant
experiments...

b. For results... The tool will search for not only the same data tyupe as selected in the main panel, but
also same generation! Therefore, if you have in some folders saved multiple results from same tool (you have
waves with results like: SizesVolumeDistribution 0, but in some also SizesVolumeDistribution 1,
SizesVolumeDistribution 2, etc...) the tool will search only for generation (*“ 07, “ 17,...) selected in the main
panel. It just gets really messy to create different logic.
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18. Evaluate size distributions tool

This is tool to obtain various details about size distributions — such as results from Size distribution, Modeling I
and Modeling II tools. User can obtain mean/mode/median size in range selected by cursors, volume, surface
and number of particles (per cm®) and generate cumulative distributions and even mercury intrusion (MIP)
curve (intruded volume with respect to pressure in Psi).

Number of size distributions can be included at one time in the graph, but the graph will become crowded very
soon...

18.1 Description

Select “Evaluate size distributions” from the SAS menu.

eoe Evaluate Irena results
Data control — Results : Statistics for
f || Auto-update — .
Data folder: | ——— |5 l - Selacted diameter min: 0.0 " 5 __ Log X axis
= { Add data ) — oan o 7] Curmulative Curves?
Wave with X axis data | ——— | & l = - Selected diameter max: 0.0 . _ =
[ Clear All data | ; o Maode oo Imvert Cumul Curves?

. . = Volume in the range 0.0000 -

Wave with ¥ axis data  ——— |3 l { Save Cum/MIP Crvs. | Median 0.0 | MIP Curves?
— Number density [1/cm3] 0.000e+00 :
Shape of populations 1 3 Caleulate ) FWHM 0.0

Specific surface area [em2/cm3] 0.0

Select range of data with cursors Set cursors to the same data type L Append tag

This tool has all controls in the Control bar at the top of the graph window. For MIP data a new window will be
opened. It is also important to follow the history area, as this tool prints important information into there so the
user is informed about specific needs or events...

Data selection controls are top left corner. This tool should know all results data from Irena for which it makes
sense to be used. If any data type is missing, please let me know and I will add it.

Select data folder and if more than one of useable data types is in that folder, select appropriate data types. You
will see only folders, which contain at least one useable data type. You may have to select both X axis data and
Y axis data. Very little checking is done on sensibility of the selection here, so be careful.

The usually grayed popup “Shape of populations” will be explained below...

Next are buttons with following functions:

“Auto-update” checkbox — if selected all data are recalculated when cursors are moved. Note, that cursors have
to be on the same data set , or the results all will be NaNs.

“Add data” — when data set is selected this button adds the data set into the graph

“Clear all data” — will remove all data from graph and clear it.

“Save Cumul/MIP curves” — will save new data into the data folder with the original data. Saves the new curves,
which exist at that time. Both cumulative size distributions and/or MIP curves. These data can be exported by
using the Data export tool.

“Calculate” — if the “Auto-update” checkbox is not selected, this forces recalculations. Again — if the cursors
are not in the graph or not on the same wave, no numbers are calculated!

”Append tag” — appends descriptive tag to the graph, so more different data sets can be compared together.

Now the results part:
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“Statistics for:” ... is string with the name of data on which the cursors are and for which the data are
calculated.

“Selected diameter min” and “max” — diameters of current cursor positions so you know where the data are
calculated

“Volume in the range” — fractional volume of scatterers in the range between cursors. Calculated with correct
formula for volume of give form factor used.

NOTE: for distributions from Modeling I and II it is impossible to decide for the code, where which
formula for volume should be used. So if one combines different shapes, there is practically now way one can
correctly calculate all of these numbers. Therefore the code will make available the popup “Shape of
distributions:” and one can select which shape should be used for the calculations. This is meaningful if the
populations are reasonably separate and one knows where which shape dominates. This is problem when one is
converting between distributions — so if one is using volume distribution, the volume is correct at all times as
there is not conversion needed, but the number of particles may be wrong. If one is using number distribution
then number of particles is right but the volume may be wrong. Specific surface area is likely affected all the
time, unless one has the right shape. Simply — be careful when using Modeling results with more than one shape
of scatterers.

User is informed about need to select right shape by printout in the history area:
“These data may contain mixture of shapes for different populations. Please select the right population number to evaluate”

This is not problem when individual distributions are saved together with the total distribution and
evaluated. In such case the code will select correct shape for volume calculations and conversions...

. . . 3
“Number density” is number of particles per cm” for data between cursors.
“Specific surfaced area” is specific surface area between the cursors.

“Mean”, “mode”, “median” are values evaluated for GIVEN DISTRIBUTION between cursors — evaluated
numerically. Note, that of course these will be different for number and volume distributions.

“FWHM” is full width at half-maximum value evaluated numerically. This is ONLY meaningful, if the data
resemble one single peak. There will always be number there, but it may be not useful if the data are not one
single peak.

Last column of checkboxes:

“Log X sets diameter axis (x axis) to log scale.

“Cumulative curves” forces calculation of cumulative curves

“Invert Cumul. Curves” forces the 0 to be at large sizes. There are some cases when this is useful...

“MIP curves?” — if selected MIP curves are calculated and new window with them opens. Few other controls
appear also:

@ MIP Curves?
MIP sigma "485.0
MIP cos(theta) "-0.7660

These are two parameters used for MIP calculations. These are generally used values, user can change them if
he/she wishes. Sigma is in dynes/cm and cos (theta) is unit less, theta is wetting angle between the material and
the mercury...

18.2 Example
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8ene Evaluate Irena results
LI EAE # Autoupdate Results © Seatistics for: | root:USAXS!'DB_19''520_D85 263.5 :SizesVolumeDistribution_0
Datz folder: |root:USAXS:'08_19''S20_D8S 263.5" |7) ® Selected dismeter min: 7.9 — ] Log X axis
= [ Add data | ) e < E Cumulative Curves?
- . = = = m Selected diameter max: 3737.2
Wave with X axis data  SizesDistDiameter_0 |5 ] ClearAlldam ) ) = Mode 479.4 ] Invert Cumul Curves?
Wave with ¥ axis data | SizesVolumeDistribution_0| % ] Save Cum/MIP Crv: Vowmain;the rangs | 0.0398 = E MIP Curves?
— — aveum = Number density [1/em3] 6.6068+14 frin EER
. “ [ = ] 3 MIP si 4850
Staperof populaticne ) =Ais Caleulate Specific surface area [em2/cm3] 430948 FWHM 1452.9 S
Select range of data with cursors Set cursors to the same data type | Append tag ) MIP cositheta) | -0.7660
ge 78945 1 37972 [A] 1 1 1 | 1 | 1 1 1 M
Data oo wana s 018_197520_DBE 263 59 5izesvolumeDistribution_0 A +
" Mean = 624.44 Mode = 475 .4 [A] * 'F
8010 Median= 58478  FyWHM = 1452.9 [A] — 4 root USAXE"08_19"'520_D8S 263.5" SizesVolune Distrbution 0 -
Murmber of scatterers = 6.60592+14 [1icm3] _"_' = 4= Cuulativesize Dist cwwve for : oot USAXS/08_19"'520_D8S 263.5"
Wolurme of seatterers = 0.03981 [cm3fems3)] ¢ == CunulativeS fofrea curve for | oot USAXS:'03_19''520_D8S 263.5":
Surface of scatterers= 43085 [cm2foma3] (f meaninaful) F
— = ' #_
£ god 301 A ;B i
£ 5 * : &
= g ‘ £ E
5 : + [
g ® + ; H
£ = ' Fooan-n
] 40 W = + ;[- $ N
=l o ﬂ: - .=
T = ¥ k=
g 5 ; : :
= = ; # c
- 10l® h 4 10 B
& i
& +
+ F
£
+ g
0 £ e o i e A - = B
3 i 3 & 7 8@ g | 3 3 I3 & 7 oa al 3 3 i i & 7 a g |
100 1000 10000

Scatterers diameters [A] 4

The green data are original data, cursors select the range, which is being evaluated, black curve is Cumulative
size distribution volume (it has its own axis on right) and blue is cumulative specific surfaced area (has axis mid

left). Tag contains summary of results. Since the MIP curves checkbox was selected, MIP graph was created:
"0 O O MIP curve for 's20_D8S 263.5' i

At 0 — L
= MIF Wolume for SEesVWolumeDistribution_0 for 78.845
5
T 20— —
b
o
E
El 20— —
o
=
-
L
-
2 10—+ —
E
I:l T T 171 T T T T T 1T 17T T —
5739'1 H 1 455739'4 z
10 10
Pre==ure [P=il -

If user chooses to save the new data now, both Cumulative curves as well as MIP curves are going to be saved
in the original data folder for export or future use.

Example of comparison of two data sets and use of tags to display results for both:
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8ene Evaluate Irena results
LI EAE # Autoupdate Results © Sratistics for: [root/USAXS:08_19':520_D8S 263.5 SizesVolumeDistribution_0
Data folder: FOOT:USAXS:'08_19"'S35_D195 3.5A" |+ ] Selected diameter mim: 318 ” ] E Log X axis
- K Add daia / = B =t 2 ] Curmulative Curves?
Wave with X axis data  SizesDistDiameter_0 | 5 B Selected diameter max:  6162.2 . —
- hd ] Clear All data . Mode 479.4 I Invert Cumul Curves?

. . — E— = = Volume in the range 0.0399 -

Wave with ¥ axis data  SizesVolumeDistribution_0} % ] (Save Cum/MIP Crvs. ) Median 5B4.9 ] MIP Curves?
— Number density [1/cm3] 0.75%e+14 :
populati . [ Caleulate | )
Shape of popalaticas |1 Specific surface area [cm2/cm3] 43296.5 FWHM 485.3

Select range of data with cursors Set cursors to the same data type Append tag

root: USAZE'08_19"'520_DB8S 263.5" SizesVolume Distribution 0
=@ oot USAXS'08_19"'535_D195 3 5A" SizesVolwneDistibution 0#1
Selected data range: 29842 ¢ 14036 [A]
1 5}{10-3 | Data root:USAKE ' 08_158%'535_D195 3 54" SizesyvolumeDistribution_0s#1 |
: Mean = 381.61 Mode = 144,84 [A]
— Median=17573 FWWHM = 60975 [A]
L Murnber of scatterers = 1.1478e+17 [1icm3]
E volurne of scatterers = 0.21833 [cm3cm3]
- Surface of scatterers= 6.38652+05 [cm2'cm3 {f meaninafuly
g
g 1.0 -
= Selected data range: 31,847 © B162.2 [A]
ﬁ Diata croot:LISAKXS'08_19%'520_D8S 263 59" Sizesv olumeDistributian_0
= Mean= E627.08 Mode= 4734 [A]
2 Median= 55487 FYWHM = 485.28 [A]
g Murmber of scatterers = 9.7587e+14 [1fcm3]
=4 Volurne of scatterers = 0.039855 [cmi3icm3]
0.5 Surface of scatterers = 43297 [em2icm3] {f meaningful) -
0.0 -lesssemaesrseemmentt PO . . : w7 reesereresrdfreresses
a d 3 9 2 a a 3 9 2 a a 3 & 7 k]
100 1000 10000
Scatterers diarneters [A] i

18.3 New data created

If the user chooses to save the cumulative and/or MIP curves, new data are created in the folder with original

size distributions from which these were created. These are named:

MIPVolume XX
MIPPressure XX
CumulativeSizeDist XX
CumulativeSfcArea Dist XX
CumulativeDistDiametersDist XX

With XX being index to guarantee uniqueness.
The index choice is quite complicated and may result in confusion... So here is explanation:

3. First the index of the original data is tested — if Original Data were “SizesVolumeDistribution 27,
then the code will test of the index 2 is available. If yes, it will save the data and print result in the
history area.

4. If this index is not available, Message is displayed for user and index is increased. User needs to

make sure he/she makes note of the right index and keeps notes on this... I have not found more
sensible system yet.

When saving data user is informed by printout in the history are what data were created and what generation

they were saved in.

Example:
Saved Cumulative data to

CumulativeSizeDist 02

/

CumulativeSfcArea Dist 02

/

CumulativeDistDiametersDist_02

root:USAXS:'08_19":'S20_D8S 263.5"

Saved MIP datato MIPVolume 01 / MIPPressure 01 in folder root:USAXS:'08 19'S20 DS8S 263.5"
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Note, the waves contain descriptive wave notes which can be exported with the ASCII data as header or
searched through the Data miner tool.

© Jan Ilavsky, 2009 141



Irena manual, version 2.37, February 2010

19 Scripting tool (beta version, December 20, 2007)

This tool enables scripting of (for now) two packages — Unified fit and Size Distribution — to enable automatic
processing of large data sets. During the automatic processing the error messages and most of the user dialogs
generated by these two packages are suppressed.

19.1 What this tool does:

For each of selected data folders it does following:

1. Select the data folder and load the data in, create graph (pushes “Graph” button)
2. Sets cursors to the same Q value as previously set

3. Pushes “Fit” button

4. Saves data per selection in the control panel

Limitations: The data selection must be unique for every data set. This requires one data set per folder for qrs
data structure. For USAXS data (“Indra2”) the data used will be type selected during testing — for example
SMR_*or DSM_*, or M_SMR_* etc. These data must exist in all folders. If needed, I can try to update the
system and make more options. Send me e-mail if you need more functionality.

19.2 Use of the Scripting tool

Open the tool which you want to script and make a fit on representative data set. Make sure the data range
selection (if any) using cursors is correct for all data sets in consideration. Use appropriate data type.

Open the main window:
Oon00n Scripting tool
8 8 Get help
Scripting tool Conen foaore)
# indra 2 data?

N y - ) T, B
Select start folder root:USAXS:'08_19" |5 ] GRS data?

‘08195219 D15 0.5
‘08195224 D151
‘0195234 D15 2
‘08195239 D155
‘08195244 D15 10"
‘08195249 015 20
'08_19':"5259_ D15 50"
‘08195264 D15 75"
‘08195269 D15 100";

| Select all data )| DeSelect all data )

Run Unified Fit on selected data

|_Run Size distribution on selected data |
E Save results in notebook?
"] Reset before next fit? (Unifed)

# save results in folders?

A
Select starting folder and from the list of folders here select the ones you want to process. Select type of data to

be processed... Important: The data type should really be same as the test case used to setup the parameters of
the fits (see below)....
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Note, that the order here will be from top to bottom. There is at this time no option to change the order. Let me
know if ordering should be done. Seems complicated, as there are not simple Igor tools for this.

The buttons at the top:

“Get help” creates panel with short help for this tool.

“Open logbook” opens one of two logbooks... If this tool was used to create its own notebook for results,
this one will open. This notebook contains selected results and also graphs. If this notebook does not exist,
standard internal logbook will be opened. This one contains similar data, but no graphs.

Select options:

1. Save results in notebook — will create notebook in which graph and summary of results for each data sets will
be printed.

2. Reset before next run — valid for Unified. Will reset to original values from test case after each fit. This is
useful when the changes are not progressive but more or less random and previous result could be worse
starting point that the test case. If not selected, the last result is used as starting model for next sample.

3. Save results in folders — will copy usual results waves in the original data folders so they can be plotted or
looked at again.

Note:
Without “Save results in notebook™ and/or “Save results in folders” there will be no output from the procedure
and you will not learn anything...

To run:

Select representative case example (and test extreme cases) and run the tool on this example data. Make sure all
parameters are set correctly. This includes:

Proper selection of fit checkboxes and limits on Unified...

Proper error weighing and background value in Size distribution.

Proper range of data selection with cursors (if applicable) for both tools.

When ready push button “Run .... on selected data”
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Final comments

This manual is apparently never ever finished... Real apologies to everyone for this, but it seems to be
impossible to keep up with changes and modifications.
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